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A single electrode holder thrown away is no great 
: loss in itself, but when production and man-hours 
HOLDER] HOLDER as well as a great many unnecessary replacements 

a Se are involved, profits take a licking every time. 
Switch to TWECOTONG, the electrode holder 
with super-service insulation that is replaceable at 
small cost without discarding the entire holder. 


|LREPLACEMe NT Stock 


HOLOF 


TWECOTONG 
TIP INSULATION 


Defies Heat and Impact 


TWECOTONG “Super-Mel” tip insulators are made from 
multi-layer glass cloth in patented tubular-keyed design. 
This assures a tight fit on TWECOTONG'S rugged copper 
alloy jaws to withstand great impact. Their melamine 
resin binder and exclusive TWECO construction resist 
heat, shock, and arc-burn more effectively than other 
holder insulations on the market. TWECOTONG is 
turning in a superior performance on all classes of work. 
It is especially recommended for high heat and severe 
service conditions. 


The same TWECOTONG tip insulator fits both the top 
and bottom jaws on all models except A-532. A mini- 
mum TWECOTONG holder stock and a modest invest- 


ment in long lasting tip insulators is all you need to 
maintain top holder efficiency in your shop. Buy 
TWECOTONG TWECOTONG! 


nd OL-GRiP Connector 
Seon WRITE FOR QUANTITY PRICES 


TWECOTONG SINGLE UNIT PRICE WRITE FoR QUANTITY Price: 


_ Model A-38 Model A-14 Model A-316 Model A-532 
250 AMPS 200 AMPS 


500 AMPS 
CARE for 3/8-3/32" rod rod for 3/16-1/16" red $/32-1/16" rod 


CARBON $6.50 $5.00 $4.75 $4.50 
Electrode Holders 
TERMINAL All TWECCTONG models are standard equipped with heavy duty “Super-Mel" tip insulation, 


Connectors 


Write for Twecolog #7 giving data ond prices on the complete TWECO line of 
= electrode holders, ground clamps and cabie connections for electric welding 


MANUFACTURERS OF ELECTRODE 
HOLDERS © GROUND CLAMPS 
@ CABLE CONNECTIONS 
FOR ELECTRIC WELOING 


rwecowucs W 4 PRODUCTS COMPANY 


ENGLISH AT IDA @ WICHITA 1, KANSAS 


HOLDER | 2 

iil 

3 Qa 

| 
ci SEE YOUR WELDING SUPPLY DISTRIBUTOR 


HOBART BROTHERS C0., 


Electrodes .. . ond you'll 
find that they are easier to use 
and produce better results on all 
types of welding. They assure 
you less spatter, increased weld- 
ing speed, and reduced costs. 
Hobart makes a complete range 
of types and sizes to meet any 
need. Check coupon for free 
catalog. 


The new Hobart 200 Amp. Gas Drive Welder can't be matched for 
equipment . . . durability . . . or performance. If you're not familiar with 
this great new welder— its convenience and economy features — and 
the ways in which it can bring you more and better weld production 
at lower cost, then now is the time to find out. Mail the coupon today. 


RUGGED, ECONOMICAL TO OPERATE 4- 
cylinder gasoline engine. snappy ond 


smooth running for better welding per- 
formance. 


REMOTE CONTROL 


set for any of 1000 combinations of weld. 


POWER OUTLET for lights and tools. 2 
Supplies 1 KW, 110 volt power for oper- # é 
ating tools and lights where normol power 5 
is not available. 
ON-OFF SWITCH for automatic idler. 4 
Saves fuel and engine wear by avtomati- 
cally slowing down engine when arc is 
broken. 


25 GALLON GASOLINE TANK for | 
and effort o 


_ every job, 


Box WI-110, Troy, Ohio “One of the world’s largest builders of arc welders” 


r 


GAS DRIVE PIPE LINE GENERATO GAS DRIVE D.C. WELDER A.C. WELDER HOBART 
1300 AMP SPECIAL ONLY 300 AMP. —D.C. POWER —A.C, POWER WELOMOBILE 


Check and moil to: With no obligation, please send complete infor- . 

HOBART BROTHERS C0., mation on HOBART Arc Welders and other items [jo Arc 

checked. Welding — 

Box WJ-110,Troy, 0., U.S.A. 

ur work is 

Practice, $3.00 

NAME POSITION Brand new 

ne textbook. 544 
pages. 

Electrode Cat- 


ADDRESS alog FREE! 
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UREX ELECTRODES and M & T a-c welders 


work together to provide economical 
welding in the production of Fruehauf 
trailers. High speed, specially designed 
Murex electrodes for joining light sections 
and sheet metal provide more feet of weld- 
ing per hour. Efficient M & T a-c transform- 
ers reduce idling current to a minimum; as- 
sure lower power costs, 


METAL & THERMIT CORPORATION Prominent fabricators of every type of 
100 EAST 42nd STREET * NEW YORK 17, N.Y. welded equigment, beth heavy and light, 
a rely on Murex for highest welding quality 
Pittsburgh and welding economy. Let us show you 
yeoman 7 what Murex can do. As a starter, write coday 
Sncamamaite for descriptive bulletins on electrodes, ma- 


So. San Francisco chines, accessories. 
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Mallory Fluted and Bent Offset 


Cross section illustrating 
the exclusive Mallory 
Fluted water hole.* 


Tips for Resistance Welding 
Set New Standards for High 


1 Production and Low Cost 
REASONS WHY - 
MALLORY FLUTED TIPS | 
ARE SETTING 
a wm Pal ~ Mallory cold bent offset tips with the cooling tube bent in ylace 
WELDING RECORDS 1 g 

1 


Making news in the welding field is an old story at Mallory... 
where new and practical ideas are the result of extensive research 
in resistance welding alloys, tips, holders and dies. 


bring the cooling water directly to the welding area. This exclusive 
Mallory feature has established new records in offset tip life. 


@ 70% ine ing ares om 
(0% increase in cooling area. Mallory fluted tips give 70% more cooling area. These cooler- 
: = Me operating Mallory fluted tips are establishing new low cost-per- 
@ Faster heat dissipation. 
weld records in every application. 

Now you can have the ultimate in your welders... a combina- 
tion of fluted water holes in bent offset tips... and you can 
have them through Mallory and Mallory alone. They bring you 
startling new production records at no increase in cost. 


@ Reduced mushrooming. 
@ Less frequent dressing. 


More rigidity ° That's value beyond expectation! 
Mallory’s resistance welding know-how is at your disposal. What 
{vailable in all types of lips with Mallory has done for others.can be done for you! 


#1, +2, and =3 Morse tapers. 


West Coast Office and Warchouse: 1338 So. Lorena S., Los Angeles 23, California 


In Canada, made and sold by Johnson Matthey & Mallory, 110 Industry Toronto 15 Ontario 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 


P.R. MALLORY & CO. Inc. 
Controls Resistors 

Rectifiers Vibrators 

Special Power 


Switches Supplies 
Resistance Welding Materials 


Se =p. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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For the Production Engineers Notebook — 


Product engineers. even the geniuses among them, find that 
the formula. inspiration, 99°; perspiration,” pretty 
regularly applies. 


Perspiration in design is brought about by the inevitable 


ldeas conflict between operating function—how well the part will 


do its job _and such other important factors as sales appeal, 


fe W / serviceability, and manufacturing methods. 
or é 4 What we are all striving for is to apply welding most eco 
nomically. We in Lanpe stand ready to help the product 


Design engineer in the applications of welding methods wherever we 


can. Sometimes economies in production come from a sub- 
stitution of welding for more expensive methods, but often 
just a «mall change in design or practice reduces the cost of 


present W elding operations. 


Pointers on welded design leading to Pointers on welding processes leading 
production economies. to production economies. 


Use the process that gives the greatest total UNIoNMELT welding: high speed process for 
economy. deep-penetrated welds— minimum cleaning 
Design for down-hand welding where pos- and finishing—no spatter, sparks, or smoke 
sible. But locate welds so as to minimize usually mechanized— will make butt, tee, and 
handling. lap fillets, plug, and molded welds. Used for 
Mechanize welding. Weld as many joints most ferrous and many non-ferrous metals. 


simultaneously as possible. Ask Lixve for booklet F-6077. 


Make minimum dimension changes when 


making different sized models Heuarc welding: used for most metals, espe- 
g 


Reduce the number of parts. But sometimes cially aluminum, magnesium, stainless steel, 
it is better to increase the number of parts and copper alloys. Particularly useful for 
and cut rejects in intricate castings or form- sheet steel. Manual or mechanized high 
ings by welding together simple forms. speed— greatest feature is minimized cleaning 

Use standard shapes and easily formed and finishing because of flux and spatter elimi- 


sections. nation. Ask for booklet F-62911. 


‘Take advantage of other economies that are inherent in such oxy-acety lene processes as flame- 
cutting, welding, surfacing, hardening. For more information on any of these processes eall or 


write to The Linde Air Products Company. offices in principal cities. 


* "Genius is inspiration and 99°; perspiration,” credited in GOLDEN Bot KR, April, 1931, 


to a newspaper interview with Thomas A. Edison. 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 


30 E. 42nd St., New 
MINION OXYGEN COMPANY, LIMITED, Toronte 
rms “Heliorc” and “Unionmelt” are registered trad 
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FASTER and SMOOTHER with 


VICTOR HARD-SURFACING ALLOYS 


FOR 
THESE CONDITIONS 


FOR 
SUCH EQUIPMENT 


Abrasion and severe 
impact 


Severe abrasion 


Tractor rollers, dredge pump 
impellers, bucket lips and teeth, 
rock crushers, steel mill wobblers 


Scarifier teeth, dredge cutter 
blades, posthole augers, oil 
field tools, ditcher teeth 


VICTORITE 


VICTOR HS 1 


Earth abrasion or 
sliding friction 


Plowshares, cultivators, steel 
mill guides, cement chutes, shaft 
bearings, rolling mill guides 


Corrosion, heat 
and abrasion 


Saw-teeth, carbon scrapers, wire 
guides, rocker arms 


VICTOR HS 6 


Red heat, impact, 
corrosion and abrasion 


Blanking, forming and trimming 
dies; cams, hot punches, pump 
shafts 


VICTOR 
TUNGSMOOTH 


Thin cutting edges 


Coal cutter bits, brick augers, 
pug-mill knives, screw conveyors 


Made for both acetylene 
and electric AC and DC 
application. Get your sup- 
ply from your VICTOR 
dealer NOW. 


WELDING AND CUTTING 
EQUIPMENT 


Write today for helpful 
folder, showing where and 
how to use VICTOR hard- 
surfacing rods. 


VICTOR EQUIPMENI COMPANY 


ALLOY ROD AND METAL DIVISION 


3821 Santa Fe Avenve 11320 S. Alameda St. 844 Folsom $t. 1312 W. Lake St. 
LOS ANGELES 11, CALIF. LOS ANGELES, CALIF. SAN FRANCISCO 7, CALIF. CHICAGO 7, ILL. 
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Design and Installation of Large-Diameter Long- 
Span Welded Pipe 


® The need for longer spans of self-supporting pipe has resulted 
in the use of ring girders. Rigid ring girders at points of sup- 
port prevent distortion throughout the length of the span 


by H. Jackson 


ONG-span pipe was first used many years ago in 
Europe. Like many developments originating in 
Europe it seemed to progress to a certain point 
then remain stationary until further developed by 

this country. 
Its use in the U.S. has been confined to perhaps the Single-Ring Support 
last 20 years. I refer of course to so-called self-sup- 
porting ring-girder type of long-span pipes. 

Most of the earlier designs of long-span pipe were 
supported by cradles on each end of the pipe or cradles 
between the spans. This type of construction limited 
the span to comparatively short distances. 
H. Jackson is Plant Superintendent, Thompson Pipe & Steel Co., Denver, T-Section Ring H-Section Ring 
Colo Figure 2 
Presented at the Thirty-first Annual Meeting, A.W.8., Chicago, Ill, week 
of Oct. 22, 1950 

RING GIRDER ee - RING GIRDER SUPPORT In recent years the need for longer 


EXPANSION JONT-—— | — EXPANSION JOINT spans of self-supporting pipe has re- 
sea RING sulted in the use of ring girders be- 

WATER SURFACE — } lieved to have been introduced into 
T 


| 


HYDRAULIC GRADIENT ? ‘ } 

mh | ? the United States in 1930 by Herman 

Schorer. Rigid ring girders at points 

= of support prevent distortion through- 
: out the length of the span 


CONCRETE CONCRETE 
OUTLET 


INTAKE 
STRUCTURE STRUCTURE When bending and lateral strength 


= 


are considered, the cylindrical sec- 


[EXPANSION ENO FIXED ENO tion makes a good beam. Fig. 1 
wiTH ROCKER wiTH ANCHOR 


END OF OF shows one type of a long-span pipe. 
I 


Its basic parts are a shell, ring gird- 

4 ers, expansion joints, and supports. 
PIECE Please note this drawing is sche- 
| matic. A concrete transition similar 


Fig. 1 Typical long span pipe to this would not be very efficient. 
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Arra ment of 
Pin-End Bents 


Figure 3 
Fig. 2 shows four types of stiffner rings. A modifica- 
tion of one of these is usually used to attach the support 
legs shown on Fig. 3. 

The longest span of pipe in the world is located near 
Cody, Wyo. The pipe is 123 in. diameter with a 
center span of 150 ft. It was designed by and built for 
the U.S. Bureau of Reclamation. I believe our Com- 
pany still holds title to ‘runner up”’ on a 84-in. diameter 
line, Fig. 4, with spans of 126 ft. installed at Toston, 
Mont. across the Missouri River. As you may know 
earthquakes are frequently experienced at Helena a few 


miles from Toston. This long-span steel pipe is indica- 


111 in. pipe supported on concrete piers 


9% in. siphon erected by ginpole 


Fig.5 Typical highway crossing long span pipe 


tive of the confidence held by many engineers after 
investigating other types of structures. 


DESIGN 


It has been the practice of engineers in our company 
to use a maximum allowable stress in the ring girder for 
pipe fully loaded of 10,000 psi. and a maximum ring 
stress of 18,000 psi. when the pipe is half full of water 


Sewage disposal long span pipe 


Sections of 84 in. pipe assembled and welded complete 
before skidding to final position 


Figures 6-9 
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; Simplest Type of Support Roller Support > => ry 
> 
\ 
Fig. 4 Toston long span pipe 
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which is the period of greatest stress for lines operating 
under a very low head. 

For the pipe shell a maximum stress of 10,000 psi. 
is allowed to meet the worst loading conditions. 

Usually the stresses in the pipe when full and under 
pressure are the critical stresses to which the design 
stress of 10,000 psi. applies. 

Higher strength materials should now make higher 
working stresses common practice, resulting in thinner 
walls and longer spans. I understand the U. 8. Bureau 
of Reclamation at one time made a tentative design for 
a 300-ft. span pipe. 


FIELD ERECTION 

One of the chief advantages of self-supporting long- 
span pipe is the ease of field erection when compared 
with other structures. 

If the pipe is supported on steel bents or concrete 
piers the entire span can often be assembled on the 
ground and placed to the permanent position after 
welding. Fig. 5 shows a 24 in. diameter '/,-in. wall 
long-span pipe shipped in two 35 ft. lengths, which was 
welded together on the ground and erected complete in a 
matter of hours. 

If the weight involved is beyond the capacity of the 
erection equipment then each pipe section must be 
handled independently and some falsework is necessary 
until the complete span is in place. Fig. 6 shows a 
section of 11l-in. diameter pipe being erected. This 
section was butted on to the end of the pipe already 
laid, checked for line and grade, tacked in several places 
and supported by a timber A frame until the pier piece 
was erected to complete the span. 

The exact erection procedure will depend on: (a 
the capacity of the erection equipment and (b) the 
terrain and other physical limitations. A drag line or 
crane is usually used for erection but occasionally the 
pipe must be installed on the side of a mountain or 
other locations where heavy hoisting equipment would 


be impractical and the cost of an aerial tram for such a 


short job prohibitive. 


Fig. 10 210 ft. of 84 in. Pipe skidded into position by winch 
truck 
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In such cases a gin pole or an A frame is usually 
Fig. 7 shows a 45° elbow 96 in. diameter being 
This is of course slow 


used. 
set into place with a gin pole. 
hazardous work and I would recommend that it. be used 
only as a last resort. 

Another example of a location unfavorable to heavy 
equipment is this sewage disposal line shown on Fig. 8. 
This pipe is 78 in. diameter two spans of 105 ft. each. 
Some of these sections weighed over ten tons. 

The river bed was too soft for a crane so wooden 
mats 10 ft. square were lashed to a pair of 60-ft. gin 
A winch truck on the bank 
completed the erection equipment. 


poles to form an A frame 


Long-span pipe can often be assembled into position 
without a lot of costly falsework. Fig. 9 shows a 
number 84-in. pipe being tacked and welded along a 
bank. There was a deep gully in front of the tunnel. 
To erect this long span the conventional way would have 
required a falsework of timbers to support the pipe 
until it was erected and welded. Instead the pipe was 
tacked and welded along the bank, blocked inside with 
timbers to retain its cylindrical shape, then skidded into 
position by a winch truck, Fig. 10. Since all the erec- 
tion and welding was performed at ground level much 
saving in time was effected. 

Unequal expansion caused by the suns rays on the 
pipe presents a serious problem in installations. The 
writer has experienced a severe example of this during 
the erection of a 52-in. pipe in the Rocky Mountains, 
Fig. 11. 

The temperature differential between 6:00 A.M. and 
1:00 P.M. was perhaps 60 Approximately 350 ft. of 
pipe was laid onto the concrete piers 
When we returned from 


The morning 
had been cool and cloudy. 
lunch to the job site we discovered that the afternoon 
sun coming from behind the clouds heated one side of 
the pipe and caused such a bow from expansion that it 
actually fell off the pier 

In theory the only consideration in erecting pipe is 
to set it to a given line and grade. However, if the sun 
heats only one side of the pipe and a lateral deflection 
moves the pipe ina horizontal position then center lines 


Fig. 11 Jim creek siphon 
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lose their significance. Fig. 12 shows an exaggerated 
drawing of this condition. 
Assume that several lengths of pipe have been erected 
on piers and joined together. The sun is low and has 
heated one side of the pipe only. The next section 
being erected is placed to correct line and grade. The 
obvious result is a very poor fit-up at the girth seam. As 
more pipe is laid this deviation from the true center line 
becomes accumulative. A correction must be made 
eventually in order to get the pipe back to correct center 
line. 
If the false center line is used to set the pipe then the : 
true center line may be off several inches when the sun 
goes down and the pipe has an even temperature around 
the entire girth. ¢ 
I should like to be brilliant enough to give you a 
formula to figure the exmansion along this heated side 
and be able to tell you just how much the pipe will 
move. However, only experience and good judgement 
will suffice. 
The erection gang does become proficient in guessing 


Fig. 12 Lateral deflection of pipe caused by Sun Rays 


| Plain Black Steel 


{Coal Tar Enamel 


JA, teem Guide Primer just how muc h mov ement will take place and this is 
Wa ‘g taken into consideration when setting the pipe. 
4} } eo Color may also be used to control pipe distortion. 
- White Wash over Quite a number of years ago we discovered that 


alAverese) whitewash sprayed on the outside of a pipe would 
| White Wark over make place wank 
= y | otherwise it may be impossible or at least a very un- 
A comfortable place to work. 
t Today we use color to control the temperature of not 
4 only the inside of the pipe but to lower the temperature 
a 48 7 | | of pipe coatings such as plasticized coal tar enamel. 
1 Many of these long-span pipes are lined with this 
L—_| es Sa oe If this enamel is allowed to reach a temperature of 
= _—— we over 100° F. it would become so soft that the abrasion it 
Fig. 13°) Thermal differential with various colors receives from the erection crew would ruin it. 


60" DIAMETER 5/16" WALL 

BEVELED INSIDE 60° 
INSIDE- 2 PASSES 3/16" E6010 ELECTRODE TYPE V WELD PROCEDURE 
OUTSIDE- | PASS 3/16" E60IO ELECTRODE 7-6-I-2 6-5-4-3 
WELDING PROCEDURE :- 
INSIDE 8-4-6-2-7-3-1-5 
OUTSIDE 9-10 


MOVEMENT 


SECTION A-A 


Fig. 14 Procedure used to prevent movement caused by weld shrinkage Fig. 15 Procedure used for correct 
alignment 
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Fig. 13 shows the results of a test made by the 
U. S. Bureau of Reclamation. Steel plate samples 
were placed on wooden racks after being painted with 
various paints and coatings. A thermocouple was 
attached to each sample and then to a recording ther- 
mometer. 
an air temperature of 60, 80, 100° F., 
The “‘good” and ‘“‘average’’ whitewash referred to in the 


Readings of temperatures were recorded at 
respectively. 


second and third columns were judged by the whiteness 
and coverage. 

It is interesting to note that contrary to popular 
belief the plain steel which was not nearly as black a 
color as the coal tar enamel registered the highest tem- 
perature. 

I emphasize again that the sun can be a serious 
problem to the pipe erector. You simply have to learn 
to live with it. 


WELDING PROCEDURE 


Needless {-- say, a thoroughly competent welding 
operator capable of qualifying under A.W.W.A. A.W.S 


and other codes must be employed if a safe and satis- 
factory field-welded installation is to be made. 

The welding procedure to either correct alignment or 
to hold correct alignment can also be determined by ex- 
perience. Fig 14 shows the procedure used on a 
60 ft-5/i6 in. wall-pipe beveled inside 60 

This procedure was used when the pipe was set to 
correct line and grade. (Corrective movement was not 
desired. 

If the pipe was out of alignment and movement was 
needed for correction then « procedure similyr to this 
in Fig. 15 was used. . 

These procedures are based on the following condi- 
tions: 

a. One or more pipe has been laid to correct grade 

and line. 

An adjacent pipe has been laid, tacked and foun 
to be off the actual center line 

The laid pipe is blocked and restrained from 
movement 

It isn’t often that we are privileged to witness a test 
of long-span pipe under conditions that are similar to 
Mother Nature provided us 


with a test of pipe line that we fabricated and installed 


full-size destructive tests 


in the mountains near Denver. 


Fig. 16 Welded steel pipe is tough 


\ cloudburst washed tons of rocks, trees and debris 
along side a 96 in. diameter '/,-in. wall line used as a 
siphon between two tunnels (Fig. 16 

In spite of this severe abuse careful examination 


revealed no mentionable damage 


CONCLUSION 


The practicability and economy of long-span pipe 
will continue in popularity when used as a conduct over 
rocky ground, highways and rivers where the cost of 
excavating may be prohibitive or impractical 

The writer is indebted to G. FE. Burnett. U. S. Bureau 
of Reclamation for his information regarding the tem- 


perature of colors 
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Spot Welder Secondary Current Measurement 


6 A new method for measuring repeat accuracy of the second- 
ary current in a spot welder for production work is described 


by I. C. McKechnie 


. 


URING the development of a new spot welder, 
the author found it desirable to measure the 
secondary current. 

| The accurate measurement of the secondary current 
of a spot welder is a difficult problem. The flow of cur- 
rent is of short duration, the magnitude high, and the 
Magnetic field in the vicinity of the secondary loop of 
guch intensity as to render most instrumentation in- 
accurate. 

The R.W.M.A. Bulletin No. 2 of May 1940 describes 
two methods of obtaining secondary current measure- 
ments in common use today. The standard ‘Set 
Up” condition is the substitution of 8 in. of copper bar, 
(6 in. on small welders) of the same cross section as the 
electrode holder, between the arms in place of the elec- 
‘trodes, points and work. Under this condition, com- 
‘mon practice as noted in the bulletin is to measure the 
primary current using a current transformer and am- 
‘meter with pointer stops, then multiply by the turn 
ratio. 

The accuracy of this method is backed up by data 
showing comparative results obtained with this method 
and by using a Cathode Ray Oscilloscope with a special 
current transformer placed around the electrode for 
pickup. 

Since the author was particularly desirous of deter- 
mining the repeat accuracy of the welder, especially 
on welds of short duration—1 to 6 eycles—neither of 

the above methods proved satisfactory. For time 
intervals this short, readings were extremely difficult 
to observe and results were very erratic. 

Probably the most serious defect that can exist in a 
welder, and the one that has been given considerable 
attention by engineers, is repeat accuracy with a given 
control setting. The inability of a welder to maintain 
repeat accuracy results in production rejects or exces- 
sive burning in attempts by the operator to use control 
settings hot enough to cause even the poor welds to hold. 
Synchronized and phased timers and contactors have 
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been developed to maintain repeat aecuracy and to re- 
duce transient current surges which affect short time 
weld repeat accuracy. 

A more accurate method of measuring the heat 
I?R—developed on successive short time welds was 
essential to the proper evaluation of welder transformer 
and control design. 

This thought resulted in the development of what ap- 
pears to be a more reliable method of measuring second- 
ary current. 

A copper rod '/, in. in diameter and long enough to 
have an electrical resistance equal to 8 in. of electrode 
holder (6 in. of small welders) is fitted with a fine wire 
thermocouple and handle. See Fig. 1. 

This rod is then inserted between the welder electrodes 
which are clamped on the rod ends until the rod tem- 
perature stabilizes to the electrode temperature. 
then the welder is fired. Immediately upon firing, the 
electrodes are opened and the rod allowed to hang free 
in still air while the temperature rise of the rod is read 
on a potentiometer 

The heat generated, hence the temperature rise of 
the rod, is proportional to the square of the current 
times the duration. For easy use, the curve shown in 
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Figure 2 


Fig. 2 gives amperes vs. values of rod temperature rise 


per cycle, in ° F., for 60-cycle power frequency 


The only precautions that appear to be necessary 
to obtain accurate results are: (1) Use flat electrodes 
larger than the rod diameter, one of them preferably of 
the swivel type. (2) Clean the oxide from the electrode 
faces and rod ends with fine crocus cloth at frequent 
intervals. (3) Drop the copper rod out from between 
the electrodes immediately after firing. 

If the welder being tested is equipped with an accu- 
rate timer, the temperature rise per cycle can be cal- 
culated directly from the timer setting, otherwise it will 
be necessary to connect an accurate time measuring 
device to the transformer primary, such as a good cycle 
counter. 

The following chart is a record of actual data taken 


on a welder: 


Te m pera- 

Heat ture és 
setting Cycles Initial after firing imp 
63 y 4 10,200 
63 y 10,200 
65 7 9,000 
9.000 
9,000 
9,800 
9,800 
16,200 
16.200 
18,000 
20,000 
19.300 
19,300 
20,000 


The above welder shows remarkable repeat accuracy 
in the range from two to eight cycles on two different 
heat settings. Actual weld tests made on the same 
welder verified the results obtained. 

Measurements made at the same time of primary 
current on a long time cycle indicate the following sec- 
ondary current: 


Calculated 
Heat Turn secondary, 
setting ratio amp 
4 5 10 8,200 
40 16,400 
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Since the time required to obtain the above readings was 
in the order of 120 cycles, the resultant heating of the 
primary would account for the lower calculated amper- 
age values obtained. 

The author has found this method invaluable in ob- 
taining accurate data for evaluating the performance of 
various welder components. 

One point that should be considered, should this 
method of measuring current meet with general ap- 
proval, is the diameter and resistance value of the copper 
rod to be heated. As stated previously, the author 
used a '/:-in. diameter rod and a length to equal the 
resistance of 8-in. electrode holder. 

The diameter of the rod may be varied to increase or 
decrease the temperature rise obtained per cycle. 
Since too high a total temperature rise will result in 
excessive heat loss to the air, and too low a rise will 
require increased accuracy of the temperature recording 
equipment, the '/:-in. diameter was selected as a most 
likely compromise. 

The length of rod may be varied to add any desired 
series resistance to the secondary loop independent of 
temperature rise. (See formula developed below.) 
R.W.M.A. Bulletin No. 7 of February 1942 shows values 
of secondary equivalent resistance for various stock 
thickness. Since measurements using the Copper Rod 
Ammeter are made with electrodes in place, thus in- 
cluding electrode resistance in the secondary loop, it 
would seem desirable to use a length of rod to give the 
equivalent resistance of some average stock thickness 
rather than an arbitrary 8 in. of electrode holder: for 
instance two thicknesses of '/,¢ in. stock. 


FORMULA DEVELOPMENT 


The temperature rise of material due to the flow of 
electric current, (assuming no heat loss to surrounding 
media) is directly proportional to J*R or watts, and the 
length of time of flow, and inversely proportioned to 
the specific heat, and weight of the material. 


We write: 


I?R x Time x Constant 


Temp. rise = . 
I Spec. heat x weight (1) 


Since the resistance of a material is directly proportional 
to the resistance per unit volume and the length in the 
direction of current flow; and inversely proportional to 
the area, we have 
Spec. res. x L 

| (2) 


R 


And the weight of a material is a function of the weight 

per unit volume (Density) multiplied by the volume, so 
Weight = Density x Lx A (3) 

Substituting these values in the temperature rise 

formula, we have 

Spec. res. x L x J*? x Time x Constant 


Temp. rise = 
A x Density x L x A x Spec. heat 


(4) 
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Since L appears in both the numerator and denomina- 
tor, it cancels out. In other words, the length of an 
electrical conductor has nothing to do with its tempera- 
ture rise for a given current. 

Simplifying, we have: 


Spec. res. x Time x J? x Constant 


Temp. rise = ; ; 
' A’® x Density x Spec. heat (5) 


Using the metric system of measurement: 


A in em.* 

Spec. resistance in ohms cm. cube 
Spec. heat in cal./gm. ° C. 
Density in gm./cem.* 

Time in cycles at 60, sec. 

Temp. in °C. 


and the conversion constant factor: 
l cal. = 4.186 Watt sec. 


We can write: 


rise, °C, = 
; Spec. res. x Cycles x 1? 
60 x Spec. heat x Density x A? x 4.186 (6) 


Now let Re = Temperature rise degree C./cycle 


Bubstitute: 


Re 


Spec. res.x 
Spec. heat x Density x A* x 251.16 (7) 


Solving for /. 


Re x Spee. heat x Density 
Spec. res. (8) 


por a '/o-in. diameter hard-drawn copper rod: 


Spec. heat = 0.09305 

Spec. res. = 1.77 x 10~¢ 

Density = 8.89 

A = 0.25? x 6.4516 = 1.2661 sq. em 


Spec. heat x Density ' 
Spec. res. 


I = 15.84 x 1.266 x 684 Vv Re 
To convert to ° F. Rise evele = Rf 


Red 

13700 
10200V (11 


Current values for various values of Rf have been 
plotted on the attached curve sheet (Fig. 2). 


SOME CALCULATIONS ON MATERIAL 
WELDABILITY 


Every welder engineer knows that some materials 
are much harder to spot weld than others. Mild steel 
seems to be the easiest. Aluminum has been considered 
more difficult. Surface conditions of the material un- 
doubtedly affect its weldability. However, specific 
heat, specific resistance and density probably are more 
of a factor. 

Using the formula development above, it is possible 
to develop a material weldability constant which gives 
a fairly accurate measure of the relative ease with which 
a given material may be welded if we assume clean 
surface conditions: From formula 6 above: 

Temp. rise, ° C. 
Spec. res. x Cycles x [° 
60 x Spec. heat x Density x 1? x 4.186 


Solving for J: 


Spec. heat x Density x Temp. rise ° C. 


= 15.84A ; 
, \ Spec. res. x Cycles 


Now, if we neglect heat conductivity and change of 
resistance of the material being welded with temperature 
and current distribution and insert for—Temp. rise 
° C.—the melting point of the material being welded, we 
can calculate the current necessary to weld any material 
in any given length of time. 

For very short time intervals the above formula 
should be quite accurate. In the Table below are the 
values of current, Cw, required to make welds of one cy- 
cle duration for several different materials with an elec- 
trode contact diameter of one square Cm. 

Cw can be used as a comparative weldability constant 
for the various materials. 


Melt 

point, Spec. 
Vaterial is heat 
Mild steel 515 0.118 
Aluminum 0 22 
Tungsten : 0 084 
Lead 3 0.03 
Copper-hard 1083 0 098 


These calculations show that relative to mild steel 
aluminum requires 126°) of the current and copper 
245°, of the current. 

Using this same formula development, the author has 
attempted to calculate the actual current, time and 
pressure requirements to make any particular weld 
To date, the theoretical values obtained agree with 
actual practice in stock thicknesses up to!) in. 
Additional work is now in progress. 
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7.83 15.9 146 
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Spot and Seam Welding of Aircralt Using 
N.-C. Current 


» Field performance of Tri-phase dry disc rectifier D.-C. welders in 
a number of high-production installations of aircraft materials 


by J. H. Cooper 


INTRODUCTION 


HE bibliography of this paper contains a list of 
reference papers analyzing the need for and develop- 
ment of d.-c. resistance welding equipment as in- 
fluenced by: 


(a) Limited power supply situations 
(b) The desire for improved welding performance 


These papers cover the results of eight years of devel- 
opment, laboratory operation and field spot testing for 
production performance under a wide variety of condi- 
tions 

This paper is of the nature of a progress report on the 
field performance of Tri-phase dry disc rectifier d.-c 
welders in a number of high-production installations 
where aircraft. materials are welded to rigid government 
specifications. 

Performance data are presented and discussed and a 
few typical brief case histories are related of applications 
by aircraft companies fabricating components to meet 
Army-Navy specifications on aluminum alloys (AN- 
W-30), stainless steels (AN-W-32), nickel alloys and 
plain carbon steels (AN-W-32). 


CASE HISTORY AT CONSOLIDATED-VULTEE 
AIRCRAFT CO., FT. WORTH, TEX. 

The world’s largest bomber (at time of writing this 
paper) is the B-36, now being manufactured in large 
numbers as a propeller driven aircraft and flight tests 
are being made with supplementary jet engine drive 
See Fig. 1 for B-36 in flight. 

Many components are resistance welded on this large 
bomber and the Tri-phase d.-c. spot welder shown in 
Fig. 2 has been satisfactorily performing since its in- 
stallation a year or so ago 
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Prior to placing it into production, most complete 
qualification and certification tests to meet AN-W-30 
and AN-W-32 requirements were made, involving the 
usual radiographic, shear strength and consistency, 
penetration, surface indentation and sheet separation 
tests, ete. 


Fig. 1 Consolidated Vultee B-36 bomber; 10,000 mile non- 

stop range with 10,000 lb. bomb load half way; over 40,000 

ft. service ceiling; 21,000 hp. from six engines; over 350 
miles per hour maximum speed 


Fig.2 Size 3d.-c. spot welder, 100 kva. Tri-phase, welding 
air scoop (0.064 52S'/, aluminum) at Consolidated Vultee 
lircraft Corp., Ft. Worth, Tex. 
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Tests were satisfactorily passed on the following 
combinations: 


(a) AN-A-13 aluminum alloy, 248 Clad, T condition, 
to AN-A-13, 248 Clad, T condition; fifty-one (51) com- 
binations of thicknesses ranging to a maximum of two 
thicknesses of 0.125 in. 

(b) AN-A-10 aluminum alloy 75S Clad, T condition, 
to AN-A-10, 755 Clad, T condition; fifty-one (51) 
combinations of thicknesses ranging to a maximum of 
two thicknesses of 0.125 in. 

(ec) QQ-A-318A aluminum alloy, 528, O condition, to 
QQ-A-318A, 528, O condition; fifty-two (52) com- 
binations of thicknesses ranging to a maximum of two 
thicknesses of 0.125 in. 

(d) AN-A-13 aluminum alloy, 248 Clad, T condition, 
to QQ-A-318A, 528, O condition; ninety-four (94) com- 
binations of thicknesses ranging to a maximum of two 
thicknesses of 0.125 in. 

(e) AN-QQ-S-772 stainless steel, annealed condition, 
to AN-QQ-S-772, annealed condition; thirty-three (33) 
combinations of thicknesses ranging to a maximum of 
two thicknesses of 0.125 in. 

(f) AN-QQ-S-772 stainless steel, '/2 hard condition, 
to AN-QQ-S-772, '/: hard condition; twenty-six (26) 
combinations of thicknesses ranging to a maximum of 
two thicknesses of 0.125 in. 


CASE HISTORY AT SOLAR AIRCRAFT CO., 
SAN DIEGO, CALIF. 


The Solar Aircraft Co., with plants at San Diego, 
Calif., and Des Moines, Iowa, a major fabricator and 
supplier of stainless steel and nickel alloy aircraft 
components involving the use of resistance welding, 
has been using both d.-c. seam and d.-c. spot welding 
for a year or so. 


Fig. 3 Tri-phase size 2 d.-c. seam welder welding J-47 aft 
frame cone of jet engines at Solar Aircraft Co., San Diego 
plant; material is 0.050 type 347 stainless steel 


A battery of four Tri-phase spot welders of the type 
shown in Fig. 4 have been qualified, certified and placed 
in production to meet the requirements of AN-W-32 
involving radiographic, metallurgical, physical, ete., 
tests on the following materials and thicknesses which 
were required by Solar production: 


(a) 18-8 Stainless steels, Types AISI 302, 304, 316, 
321 and 347. Two thicknesses each of 0.010, 0.018, 
0.025, 0.031, 0.043, 0.050, 0.063, 0.078, 0.093 and 
0.125 in. Dissimilar thickness combinations; 0.025 to 
0.078 an., 0.025 to 0.093 in., 0.050 to 0.125 in. and 
0.018 to 0.031 in. 

(b) 25-20 Stainless steel, Type 310. 
each of 0.031, 0.050 and 0.063 in. Dissimilar metals 
0.031 in. Type 347 to 0.050 in. Type 310. 


Two thicknesses 


Tri-phase size 2 d.-c. spot welders welding combustion chambers of jet engines at Solar Aircraft Co., San Diego, 
Calif.; material is 0.025 type 347 stainless steel 
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(ec) Nickel alloy—Inconel. Two thicknesses each 
0.031, 0.050, 0.063 and 0.078 in. 

(d) Type N155 stainless (20° chrome, 20% nickel, 
20% cobalt, balance iron). Two thicknesses each 
0.020, 0.050 and 0.063 in. Dissimilar metal 0.025 in. 
Type N155 to 0.078 in. Type 347. 

D.-C. seam welding is also being performed at Solar, 
see Fig. 3 showing the welding of jet engine cones, using 
Tri-phase equipment which has qualified for the follow- 
ing material and thickness combinations which were 
required for Solar production: 

(a) 18-8 Stainless steels, Types AISI 302, 304, 316, 
321 and 347. Two thicknesses each of 0.018 0.025, 
0.037, 0.050, 0.063 and 0.078 in. Dissimilar thickness 
combinations; 0.018 to 0.025 in., 0.018 to 0.031 in., 
0.018 to 0.037 in., 0.018 to 0.050 in., 0.018 to 0.063 in., 
0.025 to 0.043 in., 0.037 to 0.050 in., 0.037 to 0.063 in., 
0.037 to 0.094 in., and 0.078 to 0.094 in. 

(b) Nickel alloy—Inconel. Two thicknesses each of 
0.025 and 0.050 in. Dissimilar thickness combination, 
0.025 to 0.043 in. 

(c) Type N-155 stainless. Two thicknesses each of 
0.025 and 0.050 in. Dissimilar thickness combination, 
0.025 to 0.043 in. 


CASE HISTORY AT DOUGLAS AIRCRAFT CO., 
LONG BEACH, CALIF. 


This aircraft company manufactures the C-124 large 
cargo airplane for the Army Air Forces along with a 
wide variety of other military and commercial aircraft 

Figure 5 shows a d.-c. spot welder in production on an 
engine oil lubricating tank for the C-124, one of the 
many components welded on this machine in the past 
year or so. . 

Douglas has a number of these Tri-phase d.-c. welders, 
both press and rocker arm types. The particular Size 


=| 


Fig. 5 Douglas Aircraft Co., Long Beach, Calif., using a 
Tri-phase size 3 d.-c. spot welder to weld lubricating oil 


tank for C-124 large cargo plane. Material is 0.064 61ST 


fluminum to 0.072 52SO aluminum 


3 press type spot welder shown in Fig. 5 has been quali- 
fied and placed in production on a wide variety of thick- 
ness and material combinations, including a maximum 
of two pieces of 0.102 in. 24ST Alclad and a minimum 
of two pieces of 0.012 in. stainless steel. 


Fig. 6 Pratt and Whitney Aircraft type J-42 Turbo-Wasp jet engine containing many resistance spot and seam welds 
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CASE HISTORY AT PRATT & WHITNEY 
AIRCRAFT, EAST HARTFORD, CONN. 


This company manufactures aircraft engines of both 
the radial cylinder type and the jet engine type. It has 
manufactured and has still flying the largest total of 
aircraft engines by any manufacturer, both in terms of 
numbers and horsepower. 

Figure 6 shows a late design of jet engine, the J-42 
Turbo-Wasp. 

These engines contain resistance spot and seam welds 
in large numbers. Figure 7 shows one of a battery of 
d.-c. spot welders equipped with special lower horns for 
maximum work clearance. These welders also have 
upper and lower water jets for flood cooling of the welds 
inasmuch as edge-distance is often so small that welding 
takes place virtually at the edges of the sheets. 

These d.-c. welders have been qualified and in pro- 
duction under the cognizance of the Bureau of Aero- 
nautics of the Navy Department for several years on 
the following material and thickness combinations, as 
required by Pratt & Whitney production: 


(a) AMS No. 5510 stainless steel. Minimum of 
O18 in. to maximum of 0.125 in. 


(b) Nimonic stainless 80/20. Minimum of 0.031 in. 
to maximum of 0.064 in. 

(c) Plain carbon steel. Minimum of 0.018 in. to 
maximum of 0.125 in. 


CASE HISTORY AT GOODYEAR AIRCRAFT 
CORP., AKRON, OHIO 


The heavy duty deep throat d.-c. seam welder 
shown in Fig. 10 was built especially for Goodyear 
Aircraft with an unusually high frame to provide a 
large dimension between weld line and floor level. 
This permits placing large diameter sections of external 
fuel tanks over the lower arms. 

This welder will weld pressure-tight joints in 0.125 
to 0.125 in. 52S'/. aluminum or 0.091 to 0.091-in. 61ST 
aluminum. 

Figures 8 and 9 show typical external fuel tanks, 700- 
gal. capacity in this case, welded on this d.-c. welder by 
Goodyear for the Boeing B-50D Superfortress. 

This welder has been qualified, certified and in pro- 
duction under Bureau of Aeronautics, Navy Depart- 
ment, cognizance since 1948 with the majority of pro- 
duction being: 


Fig. 7 One of several Tri-phase sise2 Fig.8 Boeing Aircraft Co. type B-50D superfortress equipped with external fuel 


d.-c, spot welders with special water 
jets at electrodes used by Pratt and 


tanks: over 6000 miles normal range; total bomb capacity of 28,000 lb.; more 
than 400 miles per hour maximum speed 


Whitney for welding Turbo-Wasp Fig.% 700 gal. external fuel tank manufactured by Goodyear Aircraft for Boeing 


engines 
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Fig. 10 Heavy duty, size 3, d.-c. Tri-phase seam welder; 

54 in. throat: universal head and lower arms for longi- 

tudinal and girth seams in Goodyear Aircraft 700 gal. 
external fuel tanks 


(a) Three thicknesses 0.064-in. 61ST-4 aluminum 
alloy. 

(b) Two thicknesses 0.064-in 
alloy. 

(c) One thickness 0.064-in. 61ST-4 aluminum alloy to 
one thickness 0.051l-in. 61ST-4 aluminum 


61ST-4 aluminum 


alloy. 
Performance has been outstanding in regard to weld 
quality and the unusually small amount of down time 
due to cleaning of aluminum pickup from the elec- 


trodes 


CASE HISTORY AT A. V. ROE (CANADA) LTD., 
MALTON, ONTARIO, CANADA 


AVRO manufacture the Type C-102 Jetliner trans- 
port as well as their C-100 long range fighter and other 
aircraft 

Figure 11 shows the Jetliner using four Turbo-jet 
engines 

Figure 12 shows the Orenda jet engine manufactured 
by A\ RO 

Miscellaneous items including flaps, skin to doors, 
intra-doors, radio compartments, ete. are ol 24ST 
aluminum, welded on d.-c. spot and seam welders 

Bulkheads, fire walls, engine jet pipes and many 
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Fig. 11 AVRO, Canada, Jetliner, type C-102, cruising 


speed 430 miles per hour at 30,000 ft.; 13,000 lb. payload; 
40 to 60 passengers; operation range to 1200 miles 


other stainless steel and nickel alloy parts are also 
d.-e. welded. 

Qualified (AN-W-30 and AN-W-32 specifications) 
welding ranges for the d.-c. welders are from 0.020 to 
0.081 in. 24ST Alclad aluminum and from 0.015 to 
0.062-in. stainless steel to match AVRO’s particular 
production requirements. 


CASE HISTORY AT CANADAIR LTD., 
MONTREAL, QUEBEC, CANADA 


Canadair are presently manufacturing a number of 
aircraft, including the North American Aviation design 
of F-86 Sabre jet fighters for the Royal Canadian Au 


Force 

Several sizes (one of which is shown by Fig. 13) of 
d.-c. spot and seam welders cover the range of their 
production requirements in aluminum ranging from 
0.020 in. minimum to 0.102 in. maximum and in stain- 
less steel from 0.020 in. minimum to 0.125 in. maximum 
to meet AN-W-30 and AN-W-32 specifications 

Typical examples are cable control shrouds and ex- 
haust and tail pipes, ete., in AN-S-757 and AN-QQ-S- 
772 stainless steels; air-brake doors of AN-A-10 (75ST) 
aluminum alloy, as well as a wide variety of parts made 


of AN-A-13 (24ST Alclad) aluminum alloy 


CASE HISTORY AT CALIFORNIA INSTITUTE 
OF TECHNOLOGY, PASADENA, CALIF. 


CALTECH has a division which develops and makes 
proto-types of new designs of aircraft components and 
other items on the restricted list 

To obtain an extremely wide range of weldability on 
all weldable sheet metals, a d.-c. welder was installed 
with changeable accessories and controls to permit 
either spot or seam welding 

Figure 14 shows this machine equipped for spot 
welding 

This d.-c. welder makes qualified welds to meet 
AN-W-30 and AN-W-32 specifications on many types 
of products with a seam welding range on aluminum 
0.020 to 0.064 in. and stainless steel 0.020 to 0.125 in. 
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AVRO, Canada, jet engine, Orenda type, contain- 
ing many resistance welds 


HISTORY AT CLIFFORD MFG. CO., 


WALTHAM, MASS. 


‘ASE 


Clifford manufactures a line of precision-made com- 
Such items 


ponents, many of which are for aircraft. 
are expansion bellows, diaphragms, oil coolers, ete., of 


aluminum, stainless steels and nickel alloys. 

Figure 15 shows a d.-c. seam welder with very versa- 
tile type of tooling to weld cylinders from 1 in. diameter 
minimum to 40 in. diameter maximum. 

This machine has a qualifying range to meet AN-W- 
30 and AN-W-32 requirements on 6180 aluminum 
from 0.015 to 0.125 in. and on stainless steel from 0.006 
to 0.081 in. 

It is significant of the flexibility of a d.-c. welder that 
the adjustment of welding current to weld a range from 
0.006-in. stainless steel to 0.125-in. aluminum (9 to 1 
current range) is obtainable by a change of only a few 
tap switch settings. 
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Fig. 13 One of several Tri-phase, d.-c. welders used by 
Canadair for welding aluminum and stainless steel com- 


ponents in the manufacture of F-86 Sabre jet fighters for 


he R.C.A.F. 


GENERAL COMMENTS 


The limited space of this article does not permit 
further development of these case histories or the in- 
clusion of information concerning a number of other 
applications, such as, the General Electric Co. pur- 
chasing a d.-c. welder for developmental work on 
aircraft superchargers, jet engines, Aircraft 
Radio Co. for aircraft radio components; Twin Coach, 
Aireraft Division, for aircraft components; Edo Corp. 
for Navy items; Mac-Donald Brothers Aircraft for 
aircraft work; Eugene’s Engineering for aircraft 
components; Beech Aircraft purchasing a battery of 
four d.-c. welders to cover welding aircraft aluminum 
from a minumum of 0.016 in. to a maximum of 0.125 in. ; 
as well as many installations where high quality is a ne- 
cessity but the products are not for aircraft use and, 
therefore, not within the scope of this article. 


etc.; 
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Fig. 14 Heary duty size 3 Tri-phase combination d.-c. 
spot and seam welder used at California Institute of Tech- 
nology. View shows machine arranged for spot welding 


PERFORMANCE DATA 


(a) Radiographic Inspection 

The qualification of d.-c. welders to meet radiogra- 
phic inspection requirements of Army-Navy specifica- 
tions has the foundation of generally obtaining essen- 
tially crack-free radiographs rather than take advantage 
of the specification tolerances on internal cracks. This 
policy is a conservative one so that a greater amount of 
leeway is given the fabricator for the variables always 
present in production welding, which often cause some 


cracks 


(b) Tension-Shear Strength of Spot Weld Shear 
Specimens 


The qualification of d.-c. welders to meet shear 
strength requirements and strength consistency require- 
ments is based on the policy of maintaining a reserve 
over the values indicated in the Army-Navy specifica- 
tions 

Figure 16 gives actual strength values selected when 


Alclad 


qualifying on two equal thicknesses of 2487 


aluminum alloy shown in comparison with the require- 


ments of specification AN-W-30 
Consistency of qualification welds made with d.-c 
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Spot and Seam Welding 


Fig. 15 Clifford Mfg. Co. uses d.-c. seam welder with 
changeable lower arms to weld from one to forty-in. diame- 
ter cylinders of aluminum, stainless and nickel alloys 


welders on 24ST Alclad aluminum is such that the 
percentage of spots within plus and minus 12'/,% 
the average tension-shear value usually runs 95% 
(AN-W-30 specifies 90% 
Penetration of the fused zone into the two outer sheets 
of equal thickness runs within the limits of 40 to 75% 
of the original sheet thickness as checked by many sets 
This percentage 


) and sometimes is 100% 


of qualification runs with d.-c. welders 
adequately meets the requirements of AN-W-30 that 


AN-W-30 WELDER] AN-W-30 WELDER 
THICKNESS! AVERAGE | AVERAGE | MINIMUM | MINIMUM 
| STRENGTH | STRENGTH | STRENGTH | STRENGTH_ 
TO.0%| 145L85| I60LBS| 108L8S | 
230 | 140 | 190 
370 235i 
550 | 
7502 | «(465 
1100 690 
1320 845 
1580 1050 
1900 275 
402 To 102| 2048 2260 1535 
125 TO 2830 3000 2120 
AVERAGE STRENGTH VALUES OF DG WELDER BASED ON 100° 
SPOT TEST WHILE AN-W-30 VALUES BASED ON ONLY 20 
SPOT TEST. 


Fig. 16 Tension-shear 
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penetration shall not be less than 20% nor more than 
80%. 

It is significant that checks made over many qualifica- 
tion runs involving the welding of two equal thicknesses 
of 24ST Alclad aluminum alloy show no detrimental 
effects of polarity on penetration despite opinions some- 
times heard to the contrary. 

Other requirements of Army-Navy specifications as 
to surface appearance and indentation, sheet separa- 
tion and sectioning for microscopic examination are 
easily met. 

The subject of aluminum pickup on electrodes is still 
as vague and controversial for d.-c. welders as it always 
has been for stored-energy or a.-c. welders. 

Despite advertising claims often heard to the con- 
trary, variables of the welding process such as quality of 
cleaning of the aluminum, uniformity and thickness 
of the aluminum cladding, electrode material, adequate 
cooling of electrodes, rigidity of welder tooling against 
electrode skidding on the work, proper welding sched- 
ules, etc., overshadow the question as to whether the 
Welding current is nonpulsating unipolarity d. ¢. ob- 

ainable from a Tri-phase welder, single or multiple 
mpulses of unipolarity or alternating polarity obtain- 
ble from stored energy or frequency converter welders 
r straight 60-cycle alternating current, with or without 
lope control. 
} With adequate technique and process control over 
all the variables involved in spot welding aluminum, 
pickup on electrodes does not constitute a hardship. 
' The writer is aware of one test run made with ade- 
quate process control where a d.-c. welder was welding 
two thicknesses of 0.064-in. 24ST Alclad aluminum to 
meet AN-W-30 specifications with ample reserve. 
' The aluminum and its cleaning were satisfactory, 
‘electrode water temperature was approximately 75° F., 
geod tooling design was used, ete. 

Aluminum pickup was considered unsatisfactory as 
Boon as the first black spot appeared on the welded 
Bheet as the result of etching with Keller’s etch to 
identify break-through of the Alelad coating or copper 


deposit on the sheet before it could be perceived by the 
eye prior to etching. 

Over 1000 welds were made before this evidence of 
pickup appeared and it can be seen that such quantity 
of welding without cleaning electrodes is quite practical. 

In this test it was immaterial as to the effect on the 
number of welds which could be made before pickup 
occurred as to whether the d.-c. polarity remained uni- 
directional or reversed with each spot. 
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SUMMARY 


Resistance spot and seam welding of aircraft mate- 
rials using three-phase dry dise rectifier d.-c. welders to 
meet the rigid requirements of Army-Navy specifica- 
tions is an established production tested process. 

Numerous installations by aircraft companies in 
U.S.A. and Canada, welding a wide variety of aircraft 
materials under a wide variety of conditions have 
clearly demonstrated the suitability, economy and 
flexibility of d.-c. welders for such applications. The 
inherent simplicity of the welder and electronic controls 
has given a high degree of continuous production and 
reduced maintenance cost. 
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by La Motte Grover and R. L. Rex 


INTRODUCTION 


URING the last two years, since a paper on 
“Diesel Locomotive Maintenance Welding’! was 
presented by one of the authors of this paper, the 
use of Diesel motive power by American railroads 

has continued to increase at a rapid pace. Accordingly, 
Diesel maintenance operations have assumed even 
greater importance. Are welding, gas welding and 
other oxyacetylene processes are playing an ever in- 
creasing role in these operations, as the railroads are 
Further 
experience and closer familiarity with these problems 


continually striving to reduce their costs. 


has led to more reclamation of parts and less replace- 
ments. 

Most of the large users of Diesel motive power have 
large major Diesel maintenance shops, either in opera- 
tion now or in the process of being constructed and 
equipped, to centralize their major Diesel maintenance 
operations to a large extent. However, running repairs 
are in general less centralized than for steam locomo- 
tives. Preventative maintenance continues to receive 
increasing emphasis. Some of the arc-welding and 
oxyacetylene process applications that were more or 
less in the experimental stage two years ago, have been 
refined or developed further for greater reliability and 
efficiency, and now they have become quite well stand- 
ardized. Other new applications have been added, 
some of them being still under field trials 

There is an increased trend toward modifying the 
ordinary type of organization for railroad mechanical 
departments, to include a centralized special Diesel 
locomotive reclamation department under the super- 
vision of a Diesel reclamation foreman, with carefully 
picked and specially trained personnel and with special 
equipment, including initial and final testing equip- 
ment; also with facilities for packaging for storage and 
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eclamation of Diesel Locomotive Parts 


§ Preventive maintenance is an important factor in the rec- 
Special organizational 
maximum 


lamation of diesel locomotive parts. 
setup and equipment 


are needed for efficiency 


Railroads that have 


facilities for shipment for reuse 
adopted such an organization for Diesel locomotive 
reclamation work have found that it has greatly in- 
creased their efficiency 


RECLAIMING ALUMINUM PISTONS 


One of the best examples of continued development 
and refinement is in the reclaiming of aluminum pistons 
(Figs. 1 to 4). The earlier practices of using oxyacety- 
lene welding and conventional are welding with alumi- 
num stick electrodes have been replaced largely by 
inert-gas-shielded are welding to save time and cost, 
and to provide higher quality weld metal than that 
deposited with aluminum stick electrodes. The tung- 
sten-electrode inert-gas-shielded process, with the 


filler metal fed separately into the are Figs. 2 and 3, 


has come into general use where the vclume of alumi- 


Fig.1 Building up the worn ring-groove area of an alumi- 

num piston by the automatic inert-gas-shielded metal- 

are welding process employing a continuously fed filler- 
wire electrode 
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num pistons to be reclaimed is not large enough to 
warrant the cost of the somewhat more elaborate 
equipment required for the newer inert-gas-shielded 
metal-are welding process employing a continuously 
fed filler-wire electrode Fig. 1. However, the operating 
costs are considerably lower for the latter. 

The most commonly occurring defects to be repaired 
are cracks or heat checks in the middle of the head of 
the piston (and around lugs, if the piston is of the type 
with lugs), for which manual welding is used; also 
worn ring grooves, for which the automatic (Fig. 1) 
or semiautomatic processes are more efficient, provided 
the number of pistons to be reclaimed warrants the cost 
of automatic equipment. 

Whether or not a damaged piston warrants reclama- 
tion depends upon a number of factors; the extent of 
the surface involved, the character of the damage and 
whether its location is such that it can be repaired by 
continuous welding while the piston is being revolved 
on turning rolls or by some other device. If the piston 
is badly scored it is difficult to prepare, and the welding 

sually must be done largely with a manual holder 
rhile the piston is stationary rather than revolving. 
amaged surface areas near mid-height require inter- 
ittent manual operation because the surface is inter- 
ipted by the wrist-pin bore. 

On the other hand, even when the main compression 

‘al-ring grooves near the top of the piston are worn 


Fig. 2 Aluminum piston on positioning rolls where ring- 
groove area is being built up by the manual tungsten- 
arc process of inert-gas-shielded welding 


Insulated cover, shown in Fig. 3 has been removed to show details of 
ectup 
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Fig. 3 Insulated cover placed over aluminum piston 
during welding of ring-groove areas by tungsten-are 
process 


Note opening in end of cover for insertion of oxyacetylene heating 


Fig. 4 Aluminum pistons after reclamation by inert-gas- 
shielded arc welding and finish machining have been com- 
pleted 


quite badly, resulting in slap and blow-by or loss of 
compression, it is economical to repair such damage. 
Also a limited amount of localized cracking or spalling, 
and often a moderate amount of scoring can be repaired 
to good advantage by welding. Experience in any shop 
will indicate how badly a piston may be damaged and 
still be worth while reclaiming. 

Both of the inert-gas-shielded welding processes that 
have been mentioned are available in either the manual 
or automatic type. Sometimes the manual gun of the 
filler-wire-electrode type (which is semiautomatic) is 
clamped with a nozzle in a vertical position over a 
revolving piston to build up worn ring grooves. 

The application of one or the other of these inert- 
gas-shielded welding processes for reclaiming the large 
one-piece types of aluminum pistons has now become 
quite wide-spread. Although some experimental work 
has been done on a smaller type of piston with a shrunk- 
on sleeve that carries the upper ring-grooves, the recla- 
mation of this type has not been developed to the stage 
of practicality, except to replace the ring carrier with a 
new one. 

Cost figures from one source indicate that when all 
the ring grooves require rebuilding, for a one-piece 
aluminum piston of the type with lugs on the head, and 
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when the machining to prepare it for welding is done 
as shown in Fig. 5, the total cost of reclamation, includ- 
ing preparatory machining, welding, finish machining, 
incidental operations and overhead, is less than 20° 
of the cost of a new piston (less than 40% of the previous 
For the larger more costly type with 
dished head and no lugs, the total reclamation cost is 


reclamation cost). 


little more than 15% of the cost of a new piston. Very 
frequently only one or two ring-grooves at the top need 
rebuilding, and the time and cost are considerably less. 
The time required for welding one of these pistons varies 
from 30 to 75 minutes, depending upon the extent of 
the wear or damage. 

Some Diesel manufacturers have proposed the use of 
replacement rings that are oversize in width a sufficient 
amount to permit the machining of worn ring grooves, 
rather than repairing the piston by welding and then 
machining it to fit standard-width rings. However, 
since this practice requires the stocking of two sizes of 
rings, it may cause confusion, and experience indicates 
that railroads, in general, prefer to reclaim the pistons 
and to stock only standard-width rings. 

To facilitate continuous operation in building up 
worn ring-grooves, the piston can be mounted on a 
turning-roll type of positioner with knurled rollers, 
driven by a small motor such as those that are used for 
driving small oxyacetylene cutting machines, equipped 
with a foot-switch control that will also reverse the 
direction of rotation. 

Alternatively the piston may be mounted on a lathe- 
type fixture which causes it to revolve, with both ends 
of the piston supported; and in the case of automatic 
welding, the progress of the electrode holder is governed 
by the travel-carriage mechanism of the lathe, as it 
travels along the length of the ring-groove area. 

The procedures that have been used for the inert-gas- 
shielded process with filler-wire electrode to weld 
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Fig. 5 Diagram showing extent of machining of worn 

ring-grooves of aluminum piston, 12 in. diameter by 

17"/\¢ in., in preparation for reclarnation by inert-gas- 
shielded welding 
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aluminum pistons are given in Tables 1 and 2, when 


preparatory machining is done as shown in Fig. 5. 


Table 1—Procedure for Welding Ring-Grooves with Auto- 
matic Aircomatic Head 
300 to 350° F 
330 to 375 amp., d. c. (long arc) 
'/,in. diameter, 438 aluminum 


Preheat 

Welding current 

Filler metal wire 

Shielding gas Helium 

Revolving speed of piston 1'/; to 3 rpm, 

Number of layers deposited Six (three in the machined 
grooves and three across the 
full width of the ring-groove 
area being repaired 

Remarks: No auxiliary cooling nor heating used during weld- 
ing. Temperature of piston at finish of welding is between 

600 and 700° F. After welding, piston is allowed to cool slowly 

in a preheated furnace or steam-heated cabinet. 


Table 2—Procedure for Welding Ring-Grooves with Air- 
comatic Manual Gun Mounted on a Fixture 


300 to 350° F. 
300 to 330 amp., d. ¢ 
Filler metal wire in. diameter, 438 aluminum 
Shielding gas Helium 
Revolving speed of piston 1'/; rpm 

Remarks: Same as for Table 1. The time required for weld- 
ing a piston with the manual gun is substantially greater than 
that required with the automatic head 


Preheat 
Welding current 


Note Although the procedures described in Tables 1 and 2 are producing 
thoroughly satisfactory weld deposits, modifications are being investigated 
a promise to effect even greater savings in time and cost of these opera 

It is sometimes convenient to use the same manual 
gun that is employed for welding cracks in piston heads 
to supplement fully automatic equipment, when the 
volume of reclamation work occasionally runs more 
than can be handled expeditiously with one automatic 
head. When the gun is manually guided, as in the 
welding of cracks in piston heads, a lower welding 
current is used, about 260 amp 

The welding is started at either end of the ring 
groove area that is to be built up, and it progresses 
toward the opposite end as the piston revolves. At 
the end of depositing each layer, the welding tip or head 
is raised a moment and the new layer is started, pro- 
gressing in the opposite direction, and so on until the 
welding of the area is completed 

For the Tungsten-electrode process, the water-cooled 
manual holder with water-cooled tip is used, held by 
the operator rather than being mounted on a fixture, 
and the filler metal is fed into the are by hand, rather 
When the volume 
of work is sufficient to justify the extra cost of providing 


than employing a filler-wire feeder 


fully automatic equipment, the use of the metal-are 
process with filler-wire electrode is preferable because 
of its lower operating costs for this kind of an applica- 
tion 

When the tungsten-electrode process is used, the rate 
of heat input is much less, and therefore the piston is 
enclosed in an insulated housing (Fig. 3), (which was 
removed when the photograph of Fig. 2 was taken, in 
order to show the details better). Also an oxyacetylene 
torch is mounted at the skirt-end of the piston and 
is kept playing on the inside of the skirt as the piston 
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revolves, to supplement the heat of the are welding on 
the ring-groove areas, and to keep the heat distributed 
uniformly. 

The procedure used for the Tungsten-electrode proc- 
ess in this application is given in Table 3. 


Table 3—Procedure for Welding Ring-Grooves by the 
Tungsten-Electrode Inert-Gas-Shielded Process 


400° F. 

375 to 425 amp. (balanced a. c.) 

diameter (5°, drawn 
silicon aluminum ) 

yin, tungsten 

Argon 

As required for manual feeding, 
of filler rod 

3 to fill machined grooves and 

3 layers over entire width of 

ring-groove area being re- 

paired, 

Remarks: Water-cooled bolder with water-cooled nozzle 
Piston heated during welding to keep heat uniform, but tem- 
perature of piston kept under 500° F. After welding, piston is 
allowed to cool slowly in «a preheated furnace or steam-heated 
cabinet. 


Preheat 
Welding current 
Filler-metal rod 


Electrode 
Shielding gas 
Revolving speed of piston 


Number of layers deposited 


As a typical example, one shop has reported that it 
wrequires about 2'/2 hr. per piston for reclamation by the 
‘tungsten-are process, when only the top ring-groove 
‘must be rebuilt and some eight thermal cracks repaired 
‘in the head of the piston; and 5 to 6 hr. when the entire 
ing-groove area is rebuilt. 
| Regardless of what process is used, the piston is 
‘soaked first in a carbon solvent for cleaning, and all 
icracks are carefully veed out down to sound metal. 
| Experience has shown that when proper procedures 
‘are used, pistons reclaimed by any of the inert-gas- 
shielded are processes will stand up in service at least 
as well as new pistons. 


CAST-IRON CYLINDER HEADS 


Cracking in cast-iron cylinder heads is still an im- 
‘portant problem, despite some improvements that have 
‘been made in the design and proportions of such heads 
(Fig. 6). These cracks usually oceur from one valve 
‘seat across to another or to the fuel injection opening, 


. 
Fig. 6 Cast-iron cylinder heads with cracks veed out, 
preparatory for welding 
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Fig. 7 Welding a cast-iron cylinder head in an insulated 
furnace which maintains the 1400° F. preheat temperature 


or in the turbulence chamber, or in the inlet and exhaust 
valve chambers and sometimes at guide-bolt holes. 

Although a number of processes and procedures have 
been tried out by various railroads for reclaiming such 
cylinder heads, experience indicates that oxyacetylene 
welding with a molybdenum cast-iron rod and suitable 
flux (Fig. 7), is in general the most. satisfactory process, 
by far, largely because of its versatility. Some cracks 
are inaccessible for welding by any other process, and 
when sand pockets or other rather deep-seated defects 
are encountered in the castings, the oxyacetylene process 
is the only one that affords an opportunity for the kind 
of manipulation of the rod and torch that is necessary 
for working out such defects. 

Satisfactory results have been obtained by the tung- 
sten-electrode inert-gas-shielded arc-welding process 
(using argon gas and either balanced a. c. current or d. e. 
straight polarity) for building up worn valve seats and 
for repairing cracks that are accessible, when no sand 
pockets or other deep-seated defects are encountered in 
the castings. However, one cannot foresee the en- 
countering of such hidden defects. Also, it has been 
found that occasionally a crack that can be reached 
only with the oxyacetylene welding, is not detected 
until the heat of welding starts to open it up. Further, 
when the electrode holder must be inserted in an opening 
such as an exhaust valve chamber, to reach a crack or 
defect, the proximity of the surrounding highly pre- 
heated base metal will likely result in the holder being 
damaged by the heat. 

The cracks may be veed out by grinding or machining 
prior to welding, or it may be found more expedient to 
wash them out with the torch while the welding is being 
done. Machined carbon plugs with land-shoulders 
are inserted in all valve openings and in the fuel injec- 
tion opening, to dam off the deposited metal and to pro- 


THe WELDING JouRNAL 


\ 
3 
| | 
/ 
>» 
q 
ay 
# 8 . 
~~ 


vide for sufficient build up of sound metal at the edges 
of such openings. 

With either of these processes the cylinder is pre- 
heated to about 1400° F. and welded in an asbestos 
lined box or insulated furnace (Fig. 7), the preheating 
temperature being maintained during welding. The 
heads are then allowed to cool slowly over a period of 
at least 48 to 72 hours. Some shops use a longer cooling 
period. The gas-welded heads are sometimes left to 
cool in the box or furnace where they are welded, after 
flake asbestos has been packed around them, and the 
box or furnace covered. The heads that are welded 
by the tungsten-electrode method are reheated and then 
cooled slowly in the furnace or insulated box. 

Although metal-are welding with stick electrodes has 
been tried for reclaiming these heads, there appears 
to be no record of experience that would justify a de- 
parture from the long-established requirement for pre- 
heating and annealing, as outlined above, when welded 
cast-iron parts are to be subjected to such severe condi- 
tions and changes in temperature as those for a Diesel 
head. 

After cooling, the heads are machined on a radial 
drill press or vertical boring mill. Some types of heads 
require that the entire face be built up by welding to 
provide for subsequent machining because the general 
design is such that no appreciable departure from orig- 
inal dimensions can be tolerated. 

The reclamation cost of such heads has been reported 
as varying from 10 to 60° of the replacement cost, 
depending upon the type of head and the extent of the 
damage. Long service records have now demonstrated 
the success of this operation 

Various railroads have encountered no difficulty in 
setting up and carrying out these cylinder head recla- 
mation operations in a successful manner, but it cannot be 
stressed too much that a shop should not attempt these 
operations without going into the matter right. Suit- 
able and adequate equipment must be provided; cor- 
rect procedures must be established and adhered to 
rigidly, and competent and specially trained operators 
must be developed; because there are some unusual 
techniques and manipulation that are needed at times 
to assure a dense, nonporous, machinable deposit, 
and to hold the warping of the cylinder head face to a 
minimum. In training operators for this work, it is 
well to start them out on scrap heads that are too badly 


damaged for reclamation 


CAST-IRON CYLINDER LINERS 


When cast-iron liners of Diesel cylinders become 
pitted on the water side of the liner, they are reclaimed 
by metal-are welding, using an extruded electrode with 
a commercially pure nickel core wire. The welding 
is often done with little or no preheat, using a skip 
welding technique to avoid local overheating and to 
keep the heat balanced and distributed so as to mini- 
mize distortion. 

The pitted areas are first. cleaned out thoroughly to 
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bright metal. This can be done most easily with a 
rotary file. 

When the procedure and technique are controlled 
carefully, the out-of-round distortion after welding can 
be held to 0.001 in. or less, which is comparable to the 
tolerance for a new liner. With proper care to avoid 
excessive welding, no subsequent grinding is necessary. 

One railroad has reported the complete cost of this 
operation as little more than one-tenth of the cost of a 
new liner. 


ROLLER-BEARING JOURNAL BOXES AND 
OTHER BEARING SURFACES 


Two important reclamation operations are now 
carried out quite widely on roller-bearing journal box 
assemblies, by means of are welding: building up wheel 
thrust end bearings, and applying new manganese steel 
or high carbon steel wear-resistant liners on the boxes 
or on the pedestal jaws of the trucks 

The process of rebuilding thrust bearings for Diesel 
roller-bearing journal boxes with a lead-bronze wearing 
face has been in use now for some three years with uni- 
versally satisfactory results when the proper procedure 
is used. This process has been used successfully for a 
much longer period of time for driving box laterals of 
steam locomotives. 

The first procedure developed for these Diesel thrust 
pads was patterned after the common practice used for 
driving box laterals. It involved the depositing of two 
or three '/s-in. layers of lezd bronze on the worn face 
of the existing lead-bronze pad, using 200 to 300° F. 
preheat and a °/,-in. lead-bronze self-fluxing bare 
electrode with about 225 amp., d. ¢. reversed polarity 
welding current. 

The present trend in practice is to remove the old 
cast lead-bronze entirely, by the carbon-are method, 
down to the cast steel, for the original reclamation, and 
to build up by are welding with a phosphor-bronze 
electrode to within */s-in. of the final standard surface 
contour, prior to depositing the facing of lead-bronze 
This procedure facilitates control of porosity. A certain 
amount of porosity occurs invariably in depositing a 
lead bronze by welding, but experience has indicated 
no adverse effect of the moderate amount that occurs 


e used 


when proper procedures a 

Subsequent reclamations, after the original reclama- 
tion, can usually be made by depositing one or two 
layers of lead bronze directly upon the worn face, follow- 
ing the original practice, at a cost of about 35°% of the 
cost, of a new bearing. 

Various other types of bronzes have been proposed 
and tried out for reclaiming the.e thrust bearings, but 
records of experience seem to indicate that these other 
types, such as the harder manganese and aluminum 
bronzes, are not suitable for this application 

In welding new manganese steel or high carbon steel 
wear-resistant liners to roller-bearing journal boxes 
(Fig. 8 and 9). or to the pedestal jaws of Diesel locomo- 
tive trucks (or to car trucks), the use of a 25-20 stain- 
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less-steel electrode has been common practice in the 
past. More recently there has been a trend toward 
the use of a mild-steel electrode with a low hydrogen- 
type coating which apparently is giving entirely satis- 
factory results at considerably less cost for electrodes. 
Further, the low hydrogen content weld metal is more 
easily removed by chipping, grinding, oxyacetylene 
gouging or are cutting, during subsequent liner replace- 
ments. 

Although the high-tensile strength and hardness of 
the liner plates, themselves, seems to have suggested 
to some reclamation departments that a high-tensile 
strength weld metal of high hardability, as well as low 
hydrogen content, should be used for this operation 
there is no apparent justification for incurring the addi- 
tional cost of some 20% for these electrodes over the 
cost of the mild steel low hydrogen type. Since the 
weld metal is deposited as fillet welds merely to attach 
the liners, the weld metal, itself, is not subjected to 
wear; so ductility rather than high hardness would 
be desirable forthe weld metal. 

In Fig. 8, it should be noted that a covering of seme 
kind is provided to protect the precision parts of the 
bearing from damage by spatter during the welding. 

In connection with the depositing of lead bronze, it 
should be mentioned that this has been done to a limited 
‘extent for restoring lateral-bearing surfaces of traction 


5 


Fig. 8 Are welding new wear-resistant liners to roller- 
bearing journal boxes, while precision parts of the bearing 
are covered to protect them from spatter 
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Fig.9 Roller-bearing journal boxes with new wear-resisi- 
ant liners welded in place 


motor support bearings. After the motor has been 
completely stripped of windings, armature and other 
electrical parts, the motor case is set on one end, sub- 
merged in water almost up to the end of the collar of the 
bearing, to keep the rotating bearing part cool while 
the thrust part is being built up with lead bronze. 

However, if the bore or rotating bearing part is badly 
worn, the entire bearing would be replaced rather than 
reclaiming the thrust part. ; 

Another operation of reclaiming parts of bearing 
assemblies is that for traction-motor armature bearing 
housings, including the commutator-end — bearing 
housing and the pinion-end housing, which work out of 
shape due to impact, and therefore must be rebuilt 
and machined to bring them back to standard. A 
departure of 0.003 in. or more from standard dimensions 
causes trouble with the armature shaft. These steel 
housings are rebuilt with an are-welded deposit of mild 
steel. 


DIESEL ENGINE VALVES 

Oxyacetylene welding with a low-carbon chromium- 
cobalt-tungsten, nonferrous alloy (Fig. 10), has proved 
to be the most satisfactory process for rebuilding the 
seats of Diesel valves, and this process is used univer- 
sally. Service records continue to show that such 
reclaimed valves give 3 to 3'/, times the service life of a 
new valve. Several railroads have proposed to hard- 
face new valves in this manner, before they go into 
service, because the use of such reclaimed valves has 
been found to cause no greater rate of wear on the seats 
in the cylinder head. In fact, the experience of some 
railroads is that with the use of reclaimed valves, the 
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Fig. 10 Diesel valve (with a groove cut in seat on a lathe) 
mounted on a simple powered positioner for hard facing 


On right is a finished valve as-welded 


seats in the head require only grinding in, whereas pre- 
viously they had required reseating, because of damage 
that had been caused by worn or distorted valve seats. 
As a result, these railroads now rebuilt all valves by this 
welding process at the time of first removal of heads for 
inspection. 

A saving of 50° % or more in cost has been reported for 
the reclaiming of these valves, as compared with the 
cost of new ones. 

It is very important that valves to be reclaimed be 
inspected properly and carefully for cracks before 
welding. If such cracks exist they can result in serious 
failures which are sometimes improperly blamed upon 
the welding. When valve stems are badly worn, they 
may be turned down in a lathe and then built up with 
0.80 carbon steel by metallizing (Fig. 11), after which 
they are finished by grinding to standard dimensions, 
thus making the reclaiming of the valve seats worth 
while. 


REPAIR OF ENGINE BASES, FRAMES AND 
BODIES 


In repairing heavy cast-iron structural parts such as 
engine bases, the general practice is much the same as in 
the repair of heavy cast-iron parts such as frames of 
steam locomotives. Braze welding with an oxyacety- 
lene torch has been found to be the most economical 


process that will afford reliable performance under 


the usual service conditions and temperatures for such 
structural parts. 

The braze-welding procedure and technique are rela- 
tively simple, as compared with gas welding with a 
cast-iron rod, and therefore braze welding is less critical 
in application. It has the further important general 
advantage that a part may often be braze welded, using 
local preheat, without removing it, whereas gas welding 
with a cast-iron rod would require that the part be 
removed for preheating, welding and subsequent slow 
cooling in a furnace of some kind. 
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Fig. 11 Diesel engine valves of various sises which have 
been reclaimed by hard facing 


The four in the first row have had stems built up by metal spraying, 
and are ready for finishing. Combining of these two operations per- 
mits efficient salvage of valves worn on both stem and seat 


Fig. 12 Repaired Diesel engine base after removal from 
furnace following post-weld heat treatment to provide slow 
cooling 


Fig. 13 Close-up of the completed weld on the side of a 
fractured engine base like that shown in Fig. 12 
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Fig. 14 Broken Diesel engine base (Figs. 12 and 13) in a 
preheat furnace 


Break, outlined in chalk, is beveled and ready for brazing 


; A cast-iron Diesel engine base with a fracture repaired 
by braze welding is shown in Fig. 12, and a close up of 
the completed weld is shown in Fig. 13. 

In this case a furnace (Fig. 14) was built around the 
entire base (to preheat to 900° F. with a charcoal fire) 
and the additional cost of using a cast-iron welding rod 
with suitable procedure and preheat would not have 
Deen as great as it is in many other cases. However, 
control of the welding operations would have been more 
tritical, and more time would have been required. The 
physical properties of the braze-welded joint. proved 
to be adequate for the service conditions. 

For the repair of damaged steel side frames, under- 
frames, sheeting and other steel body parts, are welding 
with ordinary mild-steel electrodes is usually the most 
Suitable and most economical process to use. How- 
ever, at points where heavy material must be welded 
under a considerable amount of restraint against weld 
shrinkage, electrodes with coatings that produce low- 
hydrogen content weld metal can sometimes be used to 
good advantage. 

Mild-steel electrodes of Class £6010 or £6012, would 
be used ordinarily, except in some cases where a butt 
weld (groove weld) has to develop the full tensile 
strength of comparatively thick parts of high-strength 
low-alloy steel. For such eases the use of Class E7010 
or E7011 electrodes is frequently recommended. How- 
ever, it is well to recognize that fillet welds of minimum 
practical size, made with the less expensive mild-steel 
electrodes, often will be adequate for the strength 
requirements. Also, butt welds in thinner material 
usually pick up enough strength from the low-alloy base 


metal, to give them adequate strength. When welding 
must be done at rather low temperatures or with a con- 
siderable amount of restraint against weld shrinkage, 
the use of electrodes that provide a mild steel deposit, 
such as Classes E6010, E6012 or E6016, facilitates 
control to prevent cracking, as compared with the use 
of the E7010 to E7011 electrodes. 

In most cases of repairs of this kind, the reclamation 
of the parts can be carried out at a fraction of the cost 
of replacement, at the same time saving the cost of 
delays in waiting for replacement parts which are not 
often available. 


MISCELLANEOUS ITEMS OF RECLAMATION 
WORK 


As the railroads have become more familiar with 
Diesel locomotive maintenance problems, applications 
of welding and the oxyacetylene cutting processes have 
been expanded continuously to include not only the 
reclamation of major parts such as have been discussed, 
but also to include many minor items of routine work. 
Typical of these items are the use of arc welding with a 
low-alloy chromium-manganese type of electrode to 
hard face Diesel brakeheads, the use of silver soldering 
to repair radiators and copper or brass tubing of oil 
and water lines, the use of a straight-head cutting 
torch for the removal of pinion gears from Diesel 
motors when nondestructive methods fail; and various 
other uses of these processes, some of which were listed 
in the previous article on this subject which has been 
mentioned. 

The reclamation of Diesel locomotive parts is con- 
tinually opening up new profitable fields of application 
for most of the are welding and oxyacetylene processes. 
It is especially interesting to note the ever-increasing 
applications that are being developed for the inert-gas- 
shielded arc-welding processes, including the newer 
metal-are process with consumable filler-wire electrode, 
as well as the tungsten-electrode process. 

Many railroads are proceeding continually on their 
own initiative, trying out new applications. Some 
of these are technically sound, and after practical details 
have been worked out, such applications are approved 
for standard use. However, some applications have 
been tried out which were found to be inherently un- 
suitable for the materials or the service conditions in- 
volved. The organization of special Diesel locomotive 
reclamation departments with experienced supervision, 
as mentioned at the beginning of this paper, would go a 
long way toward improving the effectiveness of such 
efforts to develop new applications as well as improving 
the general efficiency of Diesel locomotive maintenance 
operations. 
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® New developments are described for production flame hardening parts 
including electronic temperature control of the surface and depth con- 


trolof hardening by proper combination of variables. 


by Milton Garvin and 


David Strauchen 


HE heat treatment of metal parts has 

always been of real interest. to design- 

ers, engineers and manufacturers who 
have had to solve the complex problem of 
correct thermal treatment. Heat engi- 
neering applied in a metallurgical sense 
has made very important strides in the 
past ten years as more of the facts become 
known and as means are developed chemi- 
cally, thermally and mechanically to more 
closely control the process of heat treat- 
ment. 

In the past, with the equipment avail- 
able, in almost every instance, it was nec- 
essary to treat a piece of metal by total 
thermal immersion, despite the fact that 
only a portion of it required the necessary 
hardness. In order to bring only certain 
surfaces up to full hardness, thus retaining 
a ductile core, it was necessary to resort to 
earburizing, a costly method of heat 
treatment. The part, of course, suffered 
geometric distortion, thus bringing into 
play many mechanical quenching fixtures 

Accurate temperature controls of the 
heating cycle and much skill and experi- 
ence are necessary to successfully heat 
treat parts. These conditions imposed 
limitations in the mechanical design of 
parts and thus in the function of the 
mechanisms themselves, and it is only 
natura! that the thoughts of metallurgical 
engineers should turn to a study of high- 
speed applications of heat to confined 
areas requiring hardness 

Thus, it came about that we have seen 
the development of machines to impart 
intense heat in short intervals of time to 
localized areas of components requiring 
hardness only in selected portions 

Nearly a half century ago, the use of 
acetylene and oxygen suggested itself as a 
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natural heating medium for this operation 
but the crudity of application, due to lack 
of controlled heat, and the high cost of 
energy placed definite limits on its use 
For the same reason propane and natural 
gases later suffered the same fate of 
limited application. Although the econ- 
omy of natural gas was recognized, there 
was then lack of machines and controls 
for heat treating available for selective 
surtace hardening 

With the proper equipment now avail- 
able, it is possible to selectively surface 
harden parts by the use of acetylene, pro- 
pane, natural gases and possibly liquid 
fuels later on. 

Without proper controls, we may cor- 
rectly assume that it is not practical to 
deliver a fixed quantity of gas to a part 
in a fixed time cycle and expect uniformity 
of results when in some instances it is 
required that an area be heated at the 
rate of 500 


done 


per second, as is now being 


Selective surface hardening with high- 
temperature flames involves two basic 


Fig. 1 
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Examples are given 


problems lo confine the heat to the 
portion of the work to be hardened, and to 
control within narrow limits the exact 
temperature to which the area is heated 
To maintain the desired hardness pattern, 
the heat cycle must be rapid-—usually a 
matter of seconds Thus, the need for 
temperature control is very critical 
Recognizing this problem, our metallur- 
gical engineers developed the Cincinnati 
Flamatic 


tense high-temperature flames and ele 


Hardening Machine with in- 
tronic control of the workpiece tempera- 
ture 

Thus, the one element that should not 
vary—surface temperature—is accurately 
measured and controlled. Since radiation 
is directly proportional to the true tem- 
perature, a sensitive thermopile, focused 
on the work, is used on the Flamatic to 
control accurately and instantaneously 
the heating cycle, which is so rapid in some 
cases that surface temperature can be 
raised 500 in one second No human 
eve can work rs SS) closely as this new elec- 


tronic device which controls the surface 


Flame hardening of automotive torque convertor cam ring 
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temperature for a few parts or for thou- 
sands. Uniformity is now possible and 
augurs well for gas applications of the 
future. 

This new concept in the process of 
selective surface hardening of parts lends 
itself to the development of new types of 
surface hardening machines, which parallel 
machine tools in design and utility. They 
are easily set up into production lines, 
thus obviating the moving of parts to and 
from an isolated Hardening Room, plus 
assuring continuous production of parts, 
rather than intermittent operation. As 
development progresses, the use of these 
machines on many parts will be assured 
because of economy in operation. 

Until the advent of selective surface 
hardening, the problem of obtaining a 
hard surface and a soft ductile core was 
solved by carburizing and subsequent 
heat treating of usually low-carbon steel. 
Metallurgically, this was quite satis- 
factory, but the increased cost of this 
reatment was high when compared to the 
more modern methods of selective surface 
nardening. Consequently, there is an 
ever-increasing trend toward this type of 
quipment and operation, with its possibil- 
ity of higher production, very much lower 

ee investment, less labor and main- 
enance costs and comparatively small 
hop area requirements. 

Operating costs are reduced, due to the 
sase of handling the workpieces, and, in 
many instances, a less expensive grade of 

teel can be used, since distortion is held 
t a minimum by selective surface hard- 
ning methods. In addition, preliminary 
nd subsequent operations are sometimes 
liminated, and the number of scrapped 
arts is reduced considerably. 

Certain variables are involved when 
ardening with high-speed gas machines. 
he depth of case depends upon the type 

sof gas used, the pressure of gas and oxygen, 
Ahe distance between the burners and the 
twork, the speed of rotation of the work, 
‘the time delay before. quenching, the time 
of heating and the temperature of the 
workpiece surface. 

These factors, except the surface tem- 
perature, can be varied in several com- 
binations to give the exact heat treatment 
desired. When acetylene is mixed with 
oxygen in the approximate ratio of i to 1, 
a neutral flame of about 5600° F. is ob- 
tained. Flame temperatures can be in- 
creased to 6200° F., and surface tempera- 
tures can be raised as much as 500° per 
second. Gas consumption varies with the 
size of the workpiece, and the depth to be 
hardened. For hardening 1 sq. in. of 
steel to a depth of approximately '/s in., 
about 0.10 ft. of acetylene is required. 
When propane is used as a fuel gas, it is 
mixed with oxygen in the ratio of 1 to 
2'/, Propane has a higher heat value in 
Btu per cubic foot than acetylene, but 
provides a lower flame temperature when 
mixed with oxygen. 
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Fig.3 Thousands of starter ring gears a day hardened with minimum distortion 


Fig. 4 A special dual station machine for hardening wrench jaws eight at a time 
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: Fig. 2 Special burners produce 140 hubs per hour 
‘ 


iardenable carbon or alloy 

some stainless steel and 

be flame hardened. Fink 

grain steel with a carbon content of from 
0.35 to 0.65% generally produces the best 
results with this method of hardening 
Parts to be hardened should be clean and 
free trom scale to prevent the formation ol 
soft spots. Hardnesses of as high as 
ibout 60 Rockwell *"¢ have been obtained 
in flame hardening Meehanite castings, 
compared with a maximum hardness of 
ibout 50 Rockwell btained with 
previous methods 
Optimum hardn produced on 
the specified surtace without 
hardened 
where the 


until the 


iffecting the core 
surface 
hardness 
udjusting 
depth ol the 


fully hare vd insition zones can be 


Multiple diameters of a drive shaft are hardened simultaneously on this I — | 
is im 1 a metallurgica 
t, by this method, 


standpoint, 


the hard and soft zones no band 


hig. 5 


Letween 


which is softer nt ise metal 
the flames can | lireeted to loeal 
ireas, usually any surfaces on the part 
an be selectively hardened Minimum 
sealing and no pitting are encountered 
with this process ind any single discolora- 
tion can be removed | sundblasting 


Figure | illustrates a setup for hardening 


cam ringstor an automatic torque convertor 


pe ission in a popular automobile, 
The cam ring has eight internal recesses, 
the inclined m surfaces of which must 
be hardened while leaving the idjacent 
ireas soft Hardness must be sufficient to 
withstand the high pressure of overriding 
clutch rollers, but holes drilled at right 
ingles near the lobes require high ductility 
to prevent cracking of the surtace 

Formerly, these rings were hardened on 
three selective surface-hardening ma 


Fig.6 tworm shaft 27 in. long is hardened in W sec. chines. Two lobes only were hardened at a 


Fig. 7 Two flame-hardening machines selectively harden more than 50 different parts 
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time, making it necessary to index the ring 
four times. Two men operated the three 
machines, securing a production of 67 
rings per hour with a large percentage of 
flame-hardening machine, 
requiring one operator, now produces 200 


rejects. One 


cams per hour, with virtually no rejects. 
Heating time ranges from 9 to 10 see. 
Loading requires 3 sec.; hence, the total 
time of the evele is 13 see. 

Gas supply for the machine comes from 
outdoor tanks, one stationary tank holding 
1000 gal. of 
units carrying 20,000 cu, ft. of oxygen each 


propane and two trailer 


It requires about '/, cu. ft. of propane and 
*/, cu. ft. of oxygen per ring. The ratio of 
one part propane to three parts oxygen 
produces a slightly reducing flame so that 
no seale results. 

Another part tor a torque convertor 
transmission which is selectively hardened 
by high-temperature flames is the SAE 
4150 hub, shown in the process of heat 
treatment in Fig. 2 

Special burners designed for this job 
heat two areas of different diameters so 
Bhat a hardness of Rockwell “C” 60 is 
®) tained, while distortion is held to a very 
dow value 
140 parts per hour 


This method produces over 
faster by far than the 
previous method— while the unit cost 1s 
fonsiderably less, 

Starter ring gears are hardened on 
Pachines such as the one illustrated in 
Fig. 3 at the rate of 300 per hour. These 
gears of C-1050 forging bar quality fine- 
Brain steel attain a hardness of 55 to 60 
Rockwell “C”’ at the pitch line, while the 
fore remains soft enough to twist into*a 
figure cight 
Mn this critical job, flatness is held con- 
Bistently within 0.005 in. and roundness 
® ithin 0.003 in. 

Acetylene and oxygen are used in a 
Tatio of to No subsequent operation 
Gs required on the gears 

One of the most interesting applications 


without producing cracks. 


@! flame hardening is pictured in Fig. 4 
The teeth of Spipe wrench jaws are 
hardened at a time in 20 sec. on this dual 
station machine. Twelve hundred parts 
per hour are flame hardened to 56-58 
Rockwell “C" 
wrench jaw, 
\ propane-oxygen gas mixture is used, 
and the 
quem hed in oil, 
stantially lower than for jaws with hard- 


at the cost of 0.4 cent per 


wrenches are automatically 


Processing costs are sub- 


ened inserts 

Figure 5 is a good example of hardened 
multiple diameters. The pilot end (O.D 
* in.) and splined seetion (O.D. in.) 
of SAK-4140 steel drive shafts for gear 
reduction units are selectively hardened 
simultaneously with this installation. 
The surfaces to be hardened are heated to 
1560° F. in 12 see. A hardness of 50 
Rockwell “C” is obtained with negligible 
distortion. The flame-hardened surfaces 


require no subsequent machining or 


cleaning \ production rate of 200 shafts 


per hour is obtained at a cost consider- 


OS4 


Fig. 


ill twelve cams and eccentric are selectively hardened automatically at 


the rate of 100 camshafts per hour 


ably less than by the previous method. 

The 27' .-in. worm shaft, shown set up 
in the machinine in Fig. 6, was previously 
ease carburized. The case on several 
diameters was machined off, then furnace 
hardened, and finally shaft ends annealed 
prior to machining threads and kevways. 
With the present setup, the shafts are 
carburized to a depth of 0.046 in. and the 
threaded section flame hardened to 60 
Rockwell “C.” The hardening operation 
is completed in 40 see. with less than 0.002 
distortion and no rejects. Two operations 
are eliminated and a better product ob- 
tained at lower unit cost. 

Hook rollers, 5 in. O.D., of AISI-8750 
steel tubing are produced at the rate of 
30 per hour on the machine shown at the 
left in Fig. 7. Hardness of Rockwell “C” 
60 is obtained 0.040 in. deep, while dis- 
tortion is so low that no machining is 
The hard- 


ness decreases gradually to the base metal 


required after heat treatment. 


hardness at a depth of approximately 
0.320 in. and then levels out at the hard- 
ness of the base structure 

The machine at the right in Fig. 7 is 
hardening a 4 1D).P. gear 17 in. in diameter 
and 2'/.-in. face. The teeth on this gear 
are flame hardened at Rockwell “C” 50 
in 6 min. Service life of these gears is 
increased 50% by this new method of 
selective surface hardening. 

Incidentally, these two machines handle 
over 50 different parts used by a prominent 
manufacturer of cranes and shovels. 

Six-cylinder automobile camshafts are 
hardened on four flame-hardening ma- 
chines, like the one shown in Fig. 8. These 
shafts are sand cast from high-alloy elec- 
tree furnace tron, then sandblasted, cen- 
tered, straightened and flame hardened 
before being machined ' case 
hardness Rockwell “C” 50 is produced 
entire periphery of the 12 
The four 


around the 
eams and eccentric of the shaft 
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bearings and helical gears are left soft for 
subsequent machining. 

The entire heat treating operation takes 
approximately 30 sec per shaft, and each 
machine averages better than 100 shafts 
per hour. These machines operate on a 
fully automatic cycle. The 
merely loads shafts on the rails at the left 


operator 


Approximately 4 cu. ft. of propane and 12 
cu. ft. of oxygen are necessary to heat this 
shaft. 

The metallurgical 
hardened iron is quite uniform, the only 


structure of the 


difference being caused by variations in 
the combined carbon and alloy content of 
theiron. Distortion is at a minimum with 
some shafts requiring straightening after 
selectively flame hardening 

The ability to reproduce hardness pat- 
terns by selective surface hardening with 


high temperature flames depends to a 


Fig.9 
obtained by 


{ high degree of control can be 
careful regulation of 
vases 
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and then metered through standard ori- 
fices. The fuel gas is passed through a 
safety flash arrester and a diaphragm 
regulator before going to the machine. 
Needle valves in the lines to each torch 
facilitate the regulation and control of 
the flames so maximum heat may be ob- 
tained, and the atmospheric conditions 
surrounding the work will be nonscaling. 
It is evident from the previous analysis 
that the use of high temperature flames 
as a method of selective surface hardening 
is becoming an important factor in the 
heat-treating industry 
The production line pictured in Fig. 10 
shows that flame-hardening machines are 
being produced in ever-increasing quan- 
tities. Manufacturers of parts, ranging 
from small calculating machine gears to 
large Diesel crankshafts, are finding that 
flame hardening is the answer to many of 
their heat-treating problems The sub- 
stantial reduction of costs and increased 
Fig. 10 Flame-hardening machines are now being produced in quantity by production obtained with this method 
assembly line methods are reasons enough for this trend, and the 
ability to produce «a better product with- 
great extent upon the degree of regulation Figure & shows a gas regulating cabinet out a large number of rejects clinches the 
it is neces- of the type usually employed. Oxygen is case for selective hardening with high- 


of the gases. To achieve this, 
sarv to meter the gases care fully. passed through a diaphragm regulator, temperature gas flames 


Use of Oxyacetylene Process to Reduce Stress 


® Residual stresses and conditions under which they may become 
dangerous are discussed as well as methods for alleviating this danger 


by Harry E. Kennedy nonheated member a compressive stress of about 350 
: I 

psi. will develop, assuming the material to be mild steel. 
EFORE discussing the relief of residual stress let me 
refresh your memories as to what residual stresses 


are and how they are developed. Imagine a long 
butt weld joining two fairly wide plates. Let two 
saw cuts parallel to the weld, | in. apart on either side 


of the weld, remove the entire weld. When the separa 
tion has been completed the weld metal will have short- 
ened by about 0.0015 in. per inch of weld. It will re- 
quire approximately 40,000 Ib. per square inch of cross 
section to stretch it to the length it occupied in place 
It is therefore obvious that the weld was under a corre- 
sponding strain before it was removed from the plate 

To understand how this tension is produced let us 
refer to the 3-legged model shown in Fig. | Let the 
center member be heated while the outer members 


remain at room temperature. The heated material 


will expand against the two crossheads which, in turn 


will transfer tension loads to the cold members. For 


every degree centigrade the heated member exceeds the 


Harry E. Kennedy iv Researc! 
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) 50 residual tensile stress can be induced by local heating 


> 


San Francisco, March 2 
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A hundred degree rise would bring about a stress of 
35,000 psi. If the assembly is permitted to cool, the 
stresses in all 3 members will decrease and become zero 
when the temperature becomes equal in the 3 members. 
If the heating had been continued so that the center 
member reached say, 500°, upsetting or thickening 
of that member would have resulted because the vield 
point of the material would have been exceeded. If 
after such heating we permit the assembly to cool, the 
center member must stretch because it has permanently 
shortened during the heating. The stretching will tend 
to decrease the upset which came about while heating 
The tension stress will be at 40,000 psi. and remain at 
that value when all three members reach the same tem- 
perature. 

The difficulty of visualizing the stresses can be 
lessened by isolating the stresses in 3 individual mem- 
bers. The state of stress would have been practically 
the same had the heating been confined to a narrow zone 
along the center line of a wide plate, as in a weld. The 


upsetting would have occurred during the heating, so 
Phat on cooling a tensile stress will exist in the weld area. 
This is a residual stress. In actual welds the stress is a 


Maximum in the center line of the weld. It decreases 
to zero about 3 in. from the center line of the weld. 
The remainder of the plate is in compression as in the 
two outer legs of the model. In wide plates the com- 
pressive stresses will be very low because the cross 
ection sustaining the stress is large. Figure 2 is a 
aketch showing the distribution of longitudinal residual 
Btress in a welded plate. 

Referring again to our model with its center member 
dinder the tensile stress, suppose we place it in a furnace 
mand heat it to 1200° F. 
Mnable to support but a slight stress. 


At this temperature the steel is 
Upon cooling, 
there will remain only an insignificant stress in any of 
the members. This, of course, is the commonly prac- 
ticed furnace stress relief. We could grip the assembly 
in the jaws of a testing machine and so apply sufficient 
tension to stretch the center member by the amount of 
its length deficiency. This is an example of a less 
common practice of overstressing a vessel hydraulically 
to effect stress relief. 

Some vears ago I suggested a third method of redue- 
ing stress and one with which this paper is principally 
concerned. If the two outer legs in our model are 
heated while the center remains cold, they will expand 
and through the cross heads subject the center member 
to tension. Only a slight force is necessary to elongate 
it permanently because the center member has vield 
point stress at the outset. If the temperature of the 
outside legs is limited to a proper value their expansion 
will be just sufficient to stretch the center member by 
the amount of its length deficiency. Upon cooling, the 
assembly will be without stress so that if the center 
member were sawed in two the width of the saw kerf 
would exactly equal the width of the saw. 

Again the illustration may be applied to a weld in a 
plate. In practice, welding stresses of 40 or 45,000 
psi. may be reduced to negligible values by running 
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Sketch showing distribution of residual longitu- 
dinal stress in welded plate 


Fig. 


oxyacetylene torches on either side of the weld at such 
a speed that the plate metal is raised to 350°. The 
heated area should be 6 in. wide. The operation is 
accomplished at about 18 in. a minute. 

Greater efficiency in stretching the weld metal and 
avoidance of disortion results by cooling the plates by « 
water spray following the heating. The operation is not 
critical. 
merely puts the weld in mild compression. 
perature should be checked by temperature indicating 


A slightly higher temperature than 350 
Plate tem- 


crayons. Once suitable operating conditions are ar- 
rived at, controlled) motor-driven torches maintain 
constant temperature. After the operation, the weld 
will be without stress. Because the temperature of the 
heated area is limited to 350°, no permanent upset 
occurs in these members; therefore no secondary 


stresses are produced in this area. The two heated 
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TO 350°F 
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Sketch illustrating principle of low-temperature 
stress-relieving process 


NA 
A 


Fig. 3 


Weld zone ix forced to clongate permanently when shaded areas 
parallel to weld are heated about 350° F. hotter than weld zone 


sections behave elastically The sketch shown in Fig 
illustrates this process 
The question arises: does a residual stress do harm? 


Because if it is harmless, relieving it is only of academi« 


interest If a material is brittle, such as glass, a residual 
stress will surely shatter an object of this material at 
the the 


ductile, 


slightest shock if material is reasonably 


residual stresses are harmless because as we 


have seen a very slight amount of plastic flow will 
redistribute the stresses so that the load stress does not 
add directly to the residual stress 


That 


welds, 


this is true is. self-evident. Thousands of 


each of them—at least originally——with a resid- 


ual stress of 40,000 psi. perform satisfactorily. Struc 
tural shapes invariably contain residual stresses due to 
unequal cooling 

However, there are certain conditions under which 
mild steel almost completely loses ductility and becomes 
brittle 
the 


metallurgical damage 


These are the coincidence of low temperature 


and presence ot a noteh or stress raiser and or 


their susceptibility to notch 
brittle at 


Steels vary widely in 


brittleness. Some are room temperature 
while others retain ductility at extremely low tempera- 
ture. It that 


increases the tendency to notch brittleness. 


welding greatly 
When 


tensile 


is unfortunately true 


bar of mild steel with a notch is loaded in a 


testing machine above the critical temperature, after 


reaching the yield point the material ‘‘necks’’ down until 
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failure ends the test. If the test is performed at or 
below a critically low temperature, there will be no evi- 
dence of yielding. Instead the plate will fracture with 
I have measured the speed at 


the 


dramatic suddenness 
the crack 


found it to be nearly a 


and 
rhe load at 
the 


which propagates across plate 


mile a second 
failure, however, is approximately the same for 
ductile and nonductile specimens 

If it is true then that a residual stress may add to the 
manifest itself by a lessened 


Many 
Failure to demonstrate the influ- 


load stress, this should 


capacity to carry a load tests have failed to 
show this to be true 
ence of a residual stress on load carrying capacity may be 
attributed to plastic flow 

T. W. Greene! of The Linde Air Products Co., 


first to demonstrate the great benefits of low-tempera- 


Was the 
ture stress relief. He contrived a test which consisted 
of deliberately introducing a flaw in his weldments by a 
saw cut in the mating edges of the plates to be welded. 
In his test the plate was supported at opposite ends and 
he weld detect was 


loaded at the center as a beam 


naturally on the under side Che plate was cooled by 
dry ice to a predetermined temperature and bent as a 
beam at this low temperature. The flaw so introduced 
proved very severe. Fracture took place with little or 
ho deflection Part of the plates were tested in the 
as-Welded condition, part stress relieved by low tem- 
the stress relieved 


remainder furnace 


velds, were all 


perature and 


The plates, with identical identical in 


their defects difference 

welded 
very small apparent loads—of the 
10,000 psi 


the cooling, 


the only being subsequent to 


welding Those in the as- condition broke at 


order of seven to 
In one instance, failure took pl ice during 
without a load at all 

those Stress 


hind plates that vere 


relieved failed at loads of 50 to 60.000 psi he 


On the other 
testing 
conditions were not abnormal The detect was not 
more severe than in a weld lacking full penetration o1 
crue k Ihe 


lower than any weldment might be expected to experi 


with a hairline temperatures were not 


ence, nor is this an unusual application of force 


Che conditions to which the stress-relieved weld was sub 
jected were abnormal \t 60° F., the stress-relieved 


plate supported a stress of 56,000 psi. before failure 


whereas in the as-welded condition, at +20° F. failure 
took place at 16,000 psi 
The greater the retained ductility the less hazardous 


are the residual stresses. Preheating is verv effective 
in retaining the original ductility 
| ran a 


vith 


\ series of tests illustrate this 
weld 


different degrees of preheat from zero to 600 In a 


very simply 


standardized bead on identical specimens 


notched cold bend test the bend angle \ 


to 


aried trom zero 


Preheating to 250° is simple ind effective 


If the finished weld is then stress relieved sule- 
has 


stress relief is possible, an additional benefit 


every 
tuken It 
vill result 


guard to the weldment heen furnace 


ductility will be restored 
So many experiments have been performed indicating 
in explanation 


that residual stresses are harmless that 
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is needed. Most of the tests were tension tests. It is 
necessary to use a relatively wide plate in order to 
develop full residual stress. A notch in such a plate is 
not sufficiently severe to prevent plastic flow. Residual 
stress is therefore relieved. 

When the same plate is bent as a beam, the stress 
concentration is sufficient because the maximum stress 
is concentrated at the defect. I have performed these 
tests and many others in addition. When a cold bend 
test is made on a wide plate under conditions of im- 
paired ductility, the crack originating in the defect 
usually extends across the tension zone. Complete 
failure follows by a further application of load. Refer- 
ring again to our 3-legged model, the stress in the center 
member is not generally referred to as a residual stress. 
When the tension and compressive zones are not inter- 
locked the stress is referred to as a reaction stress. If 
the center leg is notched and cooled so as to induce 
brittleness, this set up is particularly vulnerable to 
stresses set up by the welding. I have failed dozens 
of such specimens without the application of any ex- 
ternal load. After stress relieving by heating the outer 
legs of the model, failure does not occur under equal 
@onditions. 

’ In order further to elaborate this work, I undertook a 
series of tests wherein no welds were involved. Plates 
18 in. wide by 24 in. long, varying in thickness from 
/, to in., were notched by sinking a milling 
Guiter */y in. below the surface of the plate. The 
location of the cut was at the center of the plate and at 
fight angles to its major axis. Two heating torches 


applied heat to opposite faces of the plate. The heated 
area was confined to a strip simulating a weld along the 
Major axis of the plate. The temperature of the plate 


Was limited to 700° F. in order to avoid metallurgical 


damage. 


Four pairs of plates, in thicknesses of 1, 


and 1'/, in. were thus treated. Each plate was there- 
fore left with a residual tension stress, comparable with 
& weld stress but without metallurgical damage. One 
@f each of the pairs was stress relieved in the following 
Manner: a channel directed stress of cold water over 
the stressed area. ‘Two heating torches heated the 
areas outside the tension zone in order to extend and 
relieve the tension zone. When these were tested, that 
is, a plate with stress against one without stress, in 
every instance the stress-relieved plate sustained a 
greater load than the plate without stress relief. 

The thicker the plate for comparable steels, the more 


important is the effect of residual stress. There is 
greater restraint in thick plates and the notch is further 
from the neutral axis. The embrittling effect of the 
weld was absent in these tests, so considerable ductility 
always remained even at very low temperature 
nevertheless the average load in the plates with a 
residual stress was only 70°% of the plates that had 
been stress relieved. 

In these tests, a copious stream of water prevented 
any appreciable heat treating effect by the heating 
torches, so that the improvement in performance must 
be attributed to the relief of stress. If there is an 
increase in notch toughness due to heat diffused into 
the weld and Flanigan* has shown that storage at 
250° F. does this, it is a much desired auxiliary benefit. 

It may not be self evident that this method of stress 
relief is applicable to intersecting welds, plug welds or 
T-sections. All these more complex stress patterns 
have been effectively relaxed by this method. It is 
necessary only to remember that for every tension 
stress there must be a corresponding compressive stress. 
Controlled heating of the area containing the compres- 
sive stress will relieve the tension stress." 

The Sun Shipbuilding and Dry Dock Co. have con- 
sistently low temperature stress relieved their ships. 
One of the largest gas holders ever built has been thus 
treated. 

Too many welded structures have failed for us to 
ignore any safeguard that may be taken to prevent 
such failures. When less was known of the cause of 
these failures it was common practice to place the en- 
tire blame on residual stress. This proved erroneous. 
Design is certainly the most important factor for insur- 
ing safety, but it is equally wrong to assume that 
residual stress may never produce failure. There 
are too many authenticated cases, wherein completely 
unloaded objects have cracked during a cold night, to 
ignore them. Ships have failed at calculated stresses 
of less than 10,000 psi. It is difficult to conceive that 
a residual stress has not contributed to such a failure. 
Preheating and stress relief are not spectacular opera- 
tions, but neither is a smallpox vaccination. 
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Automatic Welding in Steel Mill Maintenance 


Automatic 
out 
the scope of 


turns 
larges 
mises 


by William P. Hoffman 


HE Mechanical Department of Wisconsin Steel 
Works is not only responsible for the maintenance 
of equipment in the plant but also performs new 
construction work. Steel mill equipment is usually 
massive, costly, and perhaps of even greater importance 
from the maintenance angle, part of an “assembly” line 
whose down-time cost may run into hundreds of dollars 
Under the 


imposed, wear on machinery is terrific and one basic 


per hour. severe operating conditions 


maintenance problem is the rapid and economical 
replacement of worn parts. 

Normal hand-welding procedures for build-up work 
and new construction have been utilized for some time, 
but realizing the limitations imposed by high material 
and labor costs, we have been quick ;o adopt more 
efficient ideas and equipment that allow us to extend 
the scope of welding applications. The welding shop 
was in need of a welding process which would turn out 
more work, cut down the backlog of jobs, give more 
flexibility in the application of welding to the work and 
\fter 


considerable study, an automatic welder of the sub- 


which, by increasing output, would cut costs 


merged-are tvpe was chosen as the one that would be of 


most value. On June 1, 1949, one was purchased and 


installed in the shop. 


EQUIPMENT 


Considerable thought was given to the problem of 
mounting the automatic welder on a machine or fixture 
that would take care of the varied types of welding 
jobs encountered. We wanted one setup to do rotating 
or straight-line welding, and the mounting shown in 
Fig. 1 provides just that. 

If the piece to be welded can be rotated, it is placed 
on the turning rolls which will handle diameters to 6 ft 
The track for the self-propelled carriage is mounted on 
two columns and may be raised or lowered mechanically 
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welding in steel maintenance 
work, increases flexibility, en- 
maintenance work, mini- 
time reduces’ costs 


more 


shutdown 


Fig. 1 Setup of automatic welder 


To do straight -line welding or flat surface build-up work, 
the turning rolls can be easily moved to one side, or the 
track can be extended beyond the turning rolls to reach 
the piece to be welded The length of track for the 
carriage is 20 ft., and it can be raised or lowered 5 ft. 

\ lathe was remodeled to adapt it for use with an 
automatic welding head The lathe is 22 in. over 
carriage, 30 in. over Ways, with the 12 ft. carriage driven 
by a lead screw at the rate of '/, to '/2 in. per revolution 
ot work. 
lathe 
adjusted that in many instances the finished weld will 


The head is mounted on the carriage ol the 
The travel of the carriage can be so accurately 
be uniform enough to use the part vithout further 
machining All of this equipment 

head 


maintenance shop and will take care of almost any main- 


with the exception 


of the turning rolls and lathe was made in the 
tenance welding job encountered 
\ more or less detailed description of some of the 


work done with this process will give a better idea of the 
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field of application as well as the possible savings in 
time and cost. The rebuilding of table rolls is a typical 
example. Table rolls are used to convey ingots, billets 
or bars to the mill rolls and from one set of rolls to the 
next. They vary in size and weight from 12 in. diam- 
eter, 4 ft. long, weighing about 800 Ib. up to IS in. 
diameter, 10 ft. long, and weighing about 3500 Ib. 
Some rolls are subject to intense heat, water, salt and 
Under 
these conditions, it is not at all surprising to receive 


scale and, in many cases, operate 24-hr. a day. 


the roll with the barrel and journals in an extremely 
worn condition. This wear is not always uniform as 
one section of the barrel or journal may receive much 
If this is the case, the badly 
worn sections are filled in separately before the general 
build up. 


more wear than another. 


Thig. 2) Journal of blooming mill table roll being built up 
; by automatic welding 


Figure 2 shows the journal of a blooming mill table 
roll being built up by automatic welding. This type of 
job is simple to set up on the turning rolls, and the worn 
surtace can be quickly brought back to size with a sound 
In all, 25 Ib. of 


rod was deposited on the surface during the 3-hr. weld- 


deposit of weld metal in. welding 


ing time. Other welding conditions are as follows 


Current A.C 
Voltage 32 
Welding speed 12 ipm 

Flux UM No. 00, 12. 200 


300 amp 


The weld deposit was readily machined to original 
size 

The shop salvages many blooming mill table rolls 
that require resurfacing over the whole face. This 
rebuilding job must be done at regular intervals because 
maintaining the proper diameter extends roll life by 
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Fig. 3 Blooming mill table roll resurfaced by automatic 
welding 


> 


reducing shock loads. The roll shown in Fig. 3. re- 
quired 700 Ib. of weld metal to bring it to proper diam- 
eter. Several badly 


individually before the three general welding passes 


worn sections were treated 
were started. 

On this type of application, the table roll may creep 
on the fixture if the turning rolls are not exactly 
parallel. This may be easily remedied however, by 
setting the turning rolls so the creep is always in one 
direction and then blocking the end of the shaft to 
prevent movement. Another point to watch is the 
manipulation of the current after welding has pro- 
gressed 5 or 6 hr., the build up of heat in the roll may 
make it necessary to reduce the current to keep the 
weld metal from running off the roll. 

This type of welding can also be done in a lathe setup 
where such equipment is available. In either case the 
setup is not difficult and the setup time is short 

Three welding passes, using */j»-in. diameter rod and 
No. 90, 12 x 200 melt were required forthe job. | It was 
done without preheat and as in other instances, the 
solidified melt came off readily after cooling and so no 
cleaning Was required between passes. Other welding 
conditions were as follows: 


Current 550 amp 


Voltage 


12-14 ipm 


Speed 


After this roll is given a rough cut in the machine 
shop, it will be put back into service. It might be 
added that machining is no problem as the weld metal 
cuts easily, and no special tools are needed 

Excessive wear on blooming mill or merchant mill 
table rolls makes hand reclamation costs prohibitive 
whereas rebuilding badly worn rolls with automatic 
welding procedures is economically sound. In this 


THe WELDING JouRNat 


: 

A 

4 

| 

4 
* 
| 

2-34 
4 


Fig. 4 Replacement base for 4-in. 


particular case’ a new roll costs approximately $500. 
Rebuilding by hand and machining would run about 
$800 and resurfacing with submerged-are welding and 
machining costs about $325. Obviously, we are in 


favor of automatic welding. 


REPLACEMENT ~~ BASE BLOOMING 


MILL 


10-IN. 


The replacement base for a 40-in. blooming mill 
manipulator drive is shown in Fig.4. The manipulator 
is the equipment that guides the hot 4- to 5-ton ingot 
into the 40-in. mill rolls. It also has to push the ingot 
across the table rolls as the ingot goes from one pass in 
the rolls to the next. The present manipulator drive 
has bearings and pinion stands on independent bases 
that are set in concrete. Some maintenance problems 
were encountered due to the inability to maintain 
proper alignment between these independent bases 
This new replacement base will be a common base and 
has been designed to maintain positive alignment which 
had been impossible previously due to movement 
created by the shock loads to the manipulator drive 
with the pmion stands on independent bases 

This base was designed to use our own product 
thereby eliminating costly patterns and castings All 
slabs were produced in the plant and were fabricated 
by submerged-are and manual welding. The sub- 
merged-are welding was used to fabricate the thtee I 
beams, the ends of which can be seen. The beams were 
made of 2-in. thick slabs, 30 ft. 9 in. long. The entire 
structure weighs 20 tons 

The slabs were tack welded before using the sub- 
merged arc, and these tacks were burned in rather 
deeply so as not to interfere with the bead put on by the 
automatic machine. Three passes of fillet-type welds 
were made on each joint, but after each pass, welding 
was done on the opposite side to keep the distortion 
toa minimum. This procedure actually did keep dis- 
tortion to a very low figure. The three I-beams were 
then set up and the cross beams and stiffeners welded 


manually. The major concern here was to keep the top 


level as any distortion to the bottom did not matter 


because this base will be set in concrete 


NOVEMBER 1950 Hoffman 


blooming mill manipulator drive 


32 IN. MILL MANIPULATOR RAM 


You have all probably heard the old nursery rhyme 
bemoaning the downfall of a kingdom through the 
loss of a horseshoe nail. The story of the worn manipu- 
lator ram shown in Fig. 5, although far from a fairy 
tale, follows a similar pattern. ‘Two hundred pounds 
of weld metal saved this 5-ton item from the scrap 
heap. This ram is a part of the equipment described 


in the previous section on the replacement base. From 


constant, hard usage, the surface of the ram became 
worn to the point where it had to be removed from 
service 

This job exemplifies the flexibility of the universal 
welding head and carriage mounting. It can be seen 
that the turning rolls were removed, the ram set up on 
blocking and the track moved into position Also 
clearly shown is the revolving type of ground that is 
normally used for rotating work, although in this set 
up, it remains stationary The strips of flat) bars 


along the sides of the ram are tacked on before welding 


Fig. 5 32-In. mill manipulator ram 
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Fig. 6 Mill drive spindle 


» hold the melt flux and weld metal so that the welded 
irface does not taper off at the extreme edges. Neither 
Distor- 
on is a problem in this welding job and, so far, we have 
fot been able to eliminate it, but by welding on opposite 
sides of the ram after each pass, we hold the distortion 
to a minimum. Further welding information is as 
follows: 
) Current A.C. 450-500 amp. 
Voltage 30-32 
12-14 ipm 


remachining nor preheating were required. 


Welding speed 
Electrode 
; Preheat 
) Weight of metal deposited 
Flux 
Cleaning between passes None 
Number of passes 2 


€ 
i 


After welding and machining, this ram was as good 
@ new. The economy in this type of job lies in the 
fact that weld metal can be laid down 5 to 6 times faster 
than by manual welding. 


MILL DRIVE SPINDLE 


A mill-drive spindle such as shown in Fig. 6 transmits 
the power from a pinion stand to the mill rolls. They 
are usually made of forged steel, 0.40 to 0.50 carbon, 
and this particular one was 21 ft. long, 19 in. in diam- 
eter and weighed IS tons. About */). in. of wear of the 
cross-hatched bearing areas necessitated removal and 
rebuilding by submerged melt welding. As in pre- 
viously mentioned cases, the use of turning rolls mini- 
mized setup time as it was only necessary to set the 
spindle in position with the crane, position the head, 
and start the build-up operation shown in Fig. 7. 
Note, particularly, the uniformity of deposit. This 
not only minimizes the amount of rod required, but of 
even greater importance, the time required to finish 
machine the areas. 
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One hundred and eighty-two pounds of */\»-in. weld- 
ing rod was required for both areas and the melt used 
was No. 90, 12 x 200. Other welding conditions were 
as follows: 

Current A.C. 550-600 amp 

Voltage . 32-34 

Speed 18 ipm. 


Mill drive spindle set up for start of build-up 
operation 
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Fig. 8 14-In. herringbone mill pinion 


14-IN. MILL PINION 


The teeth of the 14-in. herringbone mill pinion shown 
in Fig. 8 were still in good condition, but excessive 
wear on the bearing surfaces and wobbler pads put it 
out of service. Because of the small area involved, 
the worn wobbler pads were rebuilt by hand welding 
Submerged-melt welding was used on the two bearing 
surfaces. No premachining or preheating were = re- 


quired and, as is generally the case with circular objects 


of this type, distortion was not a problem. 

There were no free circular or cylindrical surfaces for 
the normal roll drive so the gear was mounted in the 
\ total of 150 Ib. of 


rod, deposited in 8 hr., made this valuable item ready 


lathe-type unit for rebuilding. 
for final machining to original size. 


Items such as this are usually thickly coated with 
grease and dirt which must be removed prior to welding 


Fig. 10 
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Fig. 9 Setup used to weld wheels and axle journals of 
stake car 


operations to insure sound deposits. Either steam or 
solvents are satisfactory for the job, but it must be 
thoroughly done. A few minutes spent on cleaning 


operations is good insurance of final quality welds 


CAR WHEELS 


There are about 175 ingot mold cars, 135 stake cars 
for transporting billets and slabs and 115 open-hearth 
pan cars in the mill. The number of wheels and axles 
replaced each year, with 425 cars in service, is quite high 
and represents a considerable capital investment. 
This proy ided a logical place to attempt cost cutting 
by using submerged-melt welding for reclamation. 


ill-welded ingot mold car 
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Figure 9 shows the setup used to 
weld the wheels and axle journals of 
these cars. The axle and wheels 
shown are those used in a stake car. 

The axle is 4 ft. 11'/, in. long, journal 
is 4'/, in. in diameter and the wheels 
are in. in diameter. These wheels 
cost $30 each. . They can be brought 
back to size for approximately $15 
and to the $15 saving can be added 
the cost of removing and replacing a 
new set of wheels on the axle, as 
welding is accomplished with the 
If the journals 
are worn, they are also brought back 
io size without any change in the 
setup. The job shown used '/¢-in. 
electrode, with 350-400 amp. welding 
current, and 30 v. A rod such as 
Oxweld type 6150 can be used to 
tain a harder deposition which 
an advantage in certain similar applications. 


wheels in place. 


INGOT MOLD CAR 


' In line with the program to reduce costs and utilize 


“home-grown” products, the welding shop designed and 
Guilt the all-welded ingot mold car shown in Fig. 10. 
The slabs were rolled in the mill and the material was 
flame cut and fabricated by hand-are welding. 
these cars have been fabricated to date and more are in 


Two of 
e process of construction. Fabricating the cars has 
resulted in a substantial saving over the cost of the cast 
deel cars previously purchased. 
' This type of fabrication represents an ideal job for 
the new flexible submerged-melt apparatus, and subse- 
_ cars have been fabricated using this equipment. 
he main feature of this equipment is that the welding 
fod and welding composition are automatically fed from 
the nozzle at the end of a 20-ft. flexible hose. The 
nozzle piece is held in the operator’s hand and can be 
quickly moved from one work location to another. 
Another advantage is that it can also be used for making 
a number of short welds without too much setup time 
being required. 

Figure 11 shows the underside of the ingot mold car 
The rib work, bumper blocks and windows are also 
clearly shown. Approximately 250 Ib. of welding rod 
was used in this job and the total weight of the car is 
11.800 1b 


Fig. 11 Underside of ingot mold car 


CONCLUSION 


In general, the adoption of submerged-melt welding 
for steel mill maintenance has greatly enlarged the 
scope of operations of the welding shop and resulted in 
appreciable savings in mill operation. Through the 
use of the automatic and semiautomatic submerged-are 
welders, we are confident that we can handle almost 
any job that confronts us. Worn parts of costly 
machinery formerly good only for scrap, now can be 
reclaimed at nominal cost. “‘Hard-to-get”’ items can be 
quickly rejuvenated, thus lowering inventory costs and 
minimizing expensive shutdown time. Machinery 
can be designed and built to meet a specific need off- 
times at costs lower than standard items. In the case 
of new fabrications, delivery can be of utmost impor- 
tance. 

Advantages of the process for the type of applications 
described are numerous. High hourly deposition rates 
are possible without sacrifice of weld quality. All 
welding rod purchased winds up in the ready-to-ma- 
chine product and no allowance must be made for spat 
ter and stub loss. Fused melt usually loosens as it cools, 
thus eliminating slow chipping operations and permit- 
ting uninterrupted multipass operations. Deposited 
metal is sound, soft (if desired) and readily machinable 
A wide variety of rod and flux combinations are avail- 
High heat 
input not only permits fast welding but also holds dis- 


able to meet virtually all requirements. 


tortion to a minimum and, in many cases, welded sur- 
faces are smooth enough for immediate use, thus elim- 
inating machining operations. 


Hoffman 
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Welding of Farm 


® Redesigning for welding results in econo- 
mies in the manufacture of farm tractors. 
Nearly all processes of welding are employed 


by J. Leonard Buchholz 


HE following is « presentation given to describe 
various applications of welding on modern farm 
tractors. Practically every welding process for 

steel and grey iron is used in such manufacture, 
and photographs illustrate actual practices used, 
Redesign of parts to welded construction is shown along 
with data to prove that good welding design will bring 
about production economies. 

Welding is a group of manufacturing processes which 
is rapidly growing in the International Harvester Com- 
pany, and its use in the production of tractors is one 
very important phase of the program. I would like to 
cover, very briefly, the forms of welding we use along 
with some physical samples and pictures to illustrate 
our manufacture 

In the earlier model tractors, grey iron and bolted 
sheet metal were predominant. Constant research 
has found many ways to improve the joining of steel 
and greater use of this metal in the tractor explains why 
we make more extensive use of welding 


Engineer, Farmall Works, Internatio 


J. Leonard Buchholz is Welding 
Hat 


{ modern farm tractor requiring many forms of 
welding to manufacture 


Fig. I 
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The accompanying picture (Fig. 1) is of our standard 
“M” tractor and represents a modern machine that 
requires a great amount of welding to manufacture. 
Most of the follow ing material is taken from actual case 
histories relative to producing a tractor of this type. 

Farmall production requires many resistance welding 
machines, are welders, torch and brazing units, plus 
some induction and furnace brazing equipment, to 
produce all the welds on every tractor. A considerable 
amount of welding is used on forgings and castings in 
addition to the sheet-steel applications visible in the 
picture. 

In the manufacture of farm tractors, it is our custom, 
in most cases, to use standard welding machines to weld 
assemblies instead of special-purpose units that are 
limited in versatility. To manufacture many different 
model tractors, we have to maintain a flexible welding 
program capable of making changes in minimum time 
and investment. Special tooling is frequently used on 
standard basic machines; however, if production and 
economies warrant it, special machines are used. 

Note, in Fig. 2, a photo of a different model tractor 


using a considerable amount of sheet steel practically 


Fig. 2 Another model tractor illustrating extensive use of 
sheet metal adaptable to spot and projection welding 
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Table 1. Welding Specification Set Up Card for Radiator Brace Tie Plate 


68282-D 
T.C, 9491 


Part No. Ga. 
2-67852-D 0.1644 6 
1-68278-D 0 1644 

1-67850 0.1196 2 


Heat tap high Air pressure 

Squeeze Diameter of spots 

Heat Pulsations 

Cool Top tip holder 

Weld intervals Top tip 

Hold { Bottom tip 

Off j Bottom tip holder 
Tip space 


No. Spots 


Spot Welder 


Fixture 


Operation 
5 J-68282-D-W 1 


Series—M 


80 Test strips 

t/s High limit 6500 

3 Low limit 5400 
I'/,x 14 High 6250) 
3139 Low 6000 } ~ 
3139 

4 in. offset 

1 in. 


50 range 


all fabricated by welding. Spot and projection-welding 
applications are very evident on fender braces, plat- 
form, power take-off guard and numerous brackets. 
Parts that have to be serviced in the field or removed 
for specific reasons are attached by bolts and weldnuts. 
Both pictures give views of the fuel tank with its 
sam-welded parts. 
- When tooling for a new job, skeleton models are built 
ind experimental toolings made to try out both product 
te and tooling from a manufacturing standpoint. 
Engineering makes use of these experimental setups, 
and, thus, the design time in tool engineering is kept to a 
Minimum. 
- The Welding Engineer makes all original tryouts of 
tooling and develops a welding specification card. 
his card (sample shown, Table 1) gives all pertinent 
formation required to set up and run the job. As an 
é&xaumple, when a new job is scheduled for spot welding 
and tooling is made available, the job is tried out, and 
iy change to improve operation of fixture is noted. 
mple coupons of same gage stock are spot welded 
ud tested on the scheduled machine to establish ma- 


Fig. 3) Main frame side channel—showing a 5-in. channel 
flash welded to a forging 
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rests are made on coupons with a portable hydraulic 
Both shear and 


Pie capabilities and to get the best setup possible. 


tensile tester of 40,000 Ib. capacity. 
tensile tests are made, and control settings of machines 
are recorded. The weld is closely examined for po- 
rosity, size, tip indentation and general appearance in 
addition to strength requirements. 

When the procedure gives satisfactory results, tripli- 
cate sets of cards are made. One is given to the Time 
study Department, noting that the job is ready to time 
and should be timed, as shown on card, for machine 
setup and strength of welds. After the time study is 
made, one card is placed with the machine. The third 
is retained by the Welding Engineer. This system, 
when fully completed, permits every operator to make 
setups in a minimum of time and warrants best setups 
for quality. It simplifies the foreman’s job and permits 
quicker substitution of emplovees during vacations, 
absences, ete. 

Jobs that are not adaptable for testing on the portable 
unit are taken to our laboratory for complete analysis 
and testing. 

One interesting flash-weld job is on the main-frame 
side channel noted in Fig. 3. Here a 5-in. channel! is 


Fig. 4 Set-up of shaft and worm gear in a flash welder. 
tifter joining it will become the steering worm shaft 
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welded to a steel forging in a 600 kva. hydraulic- 
operated flash welder with tempering attachment 
This type of weld is cross sectioned and etched to deter- 


mine fusion and grain flow. Strips 1 in. wide are sawed 
out for tensile tests. Machine settings are then de- 
veloped to result in a sound weld joint, stronger than the 
perforated channel. Welding on this channel is a two- 
man job with one man trimming the hot flash off the 
weld with an air chisel while the other manipulates the 
machine. Production on this is over 50 channels an 
hour, using one semiautomatic machine. 

Another good flash-weld operation is the steering 
worm shaft shown in Fig. 4. The worm is made of 
heat-treated 8620 steel and the 7/s-in. diameter shaft of 
C-1025. Shown in the picture are two parts loaded in 
the machine prior to clamping and lowering of safety 
shield. The weld is made on a 200-kva. machine 
The flash is then immediately hot-turned in an adjacent 
lathe. This is done by using a plunge-cut with a Stellite 
cutter which turns the shaft to a uniform diameter 
Normally, the weld is not visible to the naked eye 
After turning off the flash, the assembly is placed in 
vee-type checking fixture (Fig. 5) and a dial indicator 
used to check alignment. This is a very critical weld 
joint and represents another of the many varied jobs 
required in tractor manufacture. 

Constant research and experiments are being made 
in welding to find better ways to not only do the welding 
but to make better finished products at lower costs 
The essence of free enterprise is characterized by com 
petition, and this competition makes it necessary and 
a pleasure to find better ways of doing the job. Exam- 
ples of just a few cases will be given in which we have 


Fig. 5 Hot turning flash from welded steering worm 
shaft. Checking fixture appears in foreground 
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Fig. 6 Steel and malleable iron taillight bracket showing 
new projection weld design at top. Lamp clamps on 
round pin 


reanalyzed welding procedures or redesigned parts for 
welding at lower costs 

One way used to approach these economies has been 
by the careful examination of projection-welding dies 
to determine the parts most frequently reworked. 
Improvements are made to give better cooling, im- 
proved die life, locating devices, etc. All parts are 
studied, along with the production made, to ascertain 
We have 


actually increased the life of some dies by 400°) be- 


what degre* of improvement has been made 
tween regrinds because of the above analysis. This 
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Fig. 7 Location and appearance of new design taillight 
bracket on tractor. (White card used to show details) 
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means better welds with fewer setups and, of course, 
lower costs. Sometimes, a reanalysis of a welding 
die leads one to make changes in the routing on fabri- 
cated parts that may permit easier loading and unload- 
ing during a welding operation. It is our policy to con- 
tinually recheck the tooling and welding processes for 
improvements regardless of how they appear when 
originally set up. 

The physical size of an assembly does not indicate 
the amount of savings or improvements that can be 
made. A case history of a taillight bracket will be 
used to illustrate (Fig. 6). This bracket was originally 
mace of malleable iron and had been our accepted 
standard until it was reanalyzed. Figure 6 shows a 
steel-welded assembly on the left and a malleable iron 
part on the right. The lamp is pictured nearby to 
show assembly. This welded design showed a savings 


ig. 8 Projection welder with N-3-H controls used to 
weld taillight bracket shown in operator's hand 


of 61.40, of the former cost, plus making a better prod- 
uct 

Figure 7 shows the taillight and bracket attached to 
the tractor, presenting au neat appearance. 

Figure 8 shows the welding arrangement on a 250- 
kva. machine with full eleetronic controls, air vise and 
knee support for rigidity.. The vise and platens were 
originally designed for this specific assembly but are so 
versatile they may betused on others, 

Figure 9 shows how air vise is mounted on tee-slotted 
platens. The throat of the machine is open for large 
work, and, when two dies are required, the vise can 
easily be removed without disturbing the evlinder on the 
side of the machine. 

The taillight bracket is made from two pieces of mild 
C. R. steel—a */y-in. diameter pin and a 7/,-in. flat 
strip. Cost of the bracket, using two designs, is given 


below: 
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Fig. 9 Vise and die arrangement used when welding 
taillight bracket. Vise is removable for welding other 
jobs, and can accommodate shafts 30 in. lone 


Former: $18.30/C for material and labor 
New welded design shown in Fig. 6: $5.2! 
material and labor 


In addition, the new design required the use of a shorte: 
bolt, making another savings of $1.03 CC. Forme: 
manufacturing cost was $22.90°C. New design cost 
$8.87, C, leaving a total savings of $14.12) © ora savings 


of 61.4°% on basic product cost. Also, the new design, 


Fig. 10 Shifter levers with former are weld design shown 
on left. New projection welded part on right 
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with the */,-in. round pin, gives a uniform area for the 
gripping clamp of the lamp instead of the tapered natu- 
ral draft on casting, thus resulting in a better product 

Another development arrived at through research 
was changing the power take-off lever from are welding 
to projection welding. The original design was difficult 
to are weld properly on a production basis and required 
The new design lowered prod- 
uct cost and resulted in a better product. An illus- 
Note that the plate design 


cleaning off excess flux 


tration is shown in Fig. 10. 
was changed to permit better use of steel at a savings of 
$.18 per hundred. 
plate during blanking operations, thus preparing it for 


Four projections were made in the 


resistance welding. The projection weld operation 
costs less than the are-weld process on this assembly 
telationship of basic-product cost shows a reduction 
from $3.52/C to $1.67/C or a reduction of 52.5°;. 

Machine operations, after welding, include drilling a 

ie7 IN. hole through center of block, leaving the four 
welds intact at each corner. Physical tests indicate 
steel plate to pull in two, leaving the four welds intact, 
one at each corner of the block. This improved welding 
job represents another example of continued research 
and development in the manufacture of tractors 

The streamlined fuel tank shown in Fig. 1 is seam 
welded with precision electronic controls. “The tank is 
made of terne-plate and has projection, spot, braze 
and solder operations in addition to the 82-in. sean 
weld. 

Production are welding and brazing are done in well 
ventilated booths that are equipped with cast-iron 
insulated table tops, overhead fluorescent lighting, non- 
reflecting wall paint and other design features that pro- 
Doubk 


booths are set up in “rooms” with each “room” ae 


vide many advantages for the operator 


commodating two people. The welding machine is 
placed at one end of the booth on a framework housing 
all fixtures required in that “room.”’ Swinging doors 
on the all-metal booths permit trucks to bring in stock 


and to remove heavy tote boxes of assemblies. Each 


— 


Fig. 11 Wide front axle type tractor illustrating places 
where arc and flash welding are used extensively 
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“room” contains shelves and storage bins for storing 
all normally required materials. This permits operator 
to do full production welding with a minimum oi 
stocking up and preparation time and adds up to a 
better flow of production material. All booths are 
regularly checked for proper ventilation and safety and 
have been highly commended by shop visitors ac- 
quainted with production welding. 

Another model tractor is shown in Fig. 11, termed the 
wide-front axle type. This front tubular steel axle, 
with supports, guide bushings, rods and wheel hubs, 
involves over a dozen are welds and two flash welds. 
Such method of construction gives a strong product at a 


minimum cost. 


Fig. 12) Bronze weld made on a broken punch press 
frame. Seventy-five pounds of bronze was used on this 
repair 


Other forms of joining used in tractor manufacture 
involve furnace brazgmg and induction brazing ot 
numerous parts. One small item that was formerly 
are welded was redesigned for Turmace coppel brazing 
with an annual saving of more than $40,000.) Such 
items as radiators have some parts soldered with in- 
duction heating. Other parts require silver or copper- 
allov rings for induction brazing 

In addition to welding produc tion items used on the 
tractor, we also must keep ill production machines 
operating. Welding maintenance covers an extended 
field and Is Tar too complicate d to attempt a des ription 
here. Suffice to say, we make all our own repairs in 
welding, ranging from minor arc-weld or brazing opera- 
tions to large machine re pairs 

Figure 12 shows a 100-ton punch press that failed 
through the bed and frame This casting was bronze 
welded with low-fuming, flux-coated rod. This press 
has been operating daily for two years since repairing 
and is still satisfactory. 

We recently welded and installed a high nichrome 
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muffle for a carburizing furnace. This involved delicate 
welding on a casting that cost $10,000. These examples 
are given to illustrate the range of welding done in 
machine maintenance. 

Two items of salvage will be reviewed which include 
salvage of grey-iron production castings and tool-room 
work. Castings are repaired by many processes after 
tests and procedures have been worked out to do the 
job. Written procedures are drawn up by the Welding 
Engineer and are rechecked and signed by the Plant 
Metallurgist and Chief Inspector. Four copies are 
made up for the particular repair with one copy going 
to the Salvage Department as their authority and to 
give the procedure for the respective repair. It is 
found that this system works out very satisfactorily. 

In salvaging tools, we also make tests and then estab- 
lish procedures so that similar applications may be used 
repeatedly without further tests or investigation. We 
salvage broken broaches by fixturing for alignment and 
brazing together. Broken teeth in broaches and milling 


cutters are built up and reground to size. New tangs 
are brazed on broken drills, and tools are then returned 
to production. Multiple carbide milling cutters are 
repaired with new inserts and reground. 

Our salvage of all types of tools is extensive, and the 
results are very satisfactory. Salvaging enables us to 
get more use out of a tool before discarding it. Invest- 
ment in new tools is lower, and production is kept 
supplied at all times with a minimum of “emergencies” 
in the tool room. 

Harvester maintains a research department for aiding 
local plants on problems that such plants are unable to 
handle. Long-range research projects and technical 
assistance are provided by this research laboratory. 

International Harvester Company finds that welding 
not only makes money, but saves money, and the manu- 
facture of tractors is dependent upon the many proc- 
esses of welding used. Its use is increasing, and, by 
continued research, we will be able to benefit still further 
from the many advantages of welding. 
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Cast Iron Repair 


® This large cast-iron mill was repaired by fusion welding with cast-iron 
rod. It would have been easier to repair it by bronze welding, but in serv- 


ice the mill holds cyanide solutions that would attack a bronze weld 


By A. J. Beldon 


HIS piece of mining equipment had been in service 
for 16 years when it developed a crack through the 
2-in. thick flange near the base of the trunnion 
The diameter of the trunnion was 18 in. and the 
crack was 40 in. long. As Fig. 1 shows, the crack was 
veed out by chipping, then a preheating furnace was 
built by forming a firebrick wall around the flange. 
Charcoal was used for the fuel. The complete unit was 
held off the ground by steel rails. 
Temperature-indicating crayons were used to show 
when the proper preheat temperature of about 500 to 
600° F. had been reached. Then two welding operators 
started welding as shown in Fig. 2. They used cast- 
iron welding rod '/, in. thick as filler metal. Airlines 
were arranged to direct blasts of air over the welding 
zone to reduce the effect of the heat on the operator 
and also to remove fumes. The job took 5 hrs. welding 
time. As soon as the welding was finished the unit was 
covered with asbestos paper and allowed to cool. 


A. J. Beldon is connected with The Linde Air Products Co., Birmingham 
Ala 


Fig.1 The 40-in. crack in this cast-iron part was prepared 


for welding by chipping 


Fig. 2 A preheating furnace was built from firebrick and 
the casting was preheated with charcoal to about 500 to 
600° F. 


A new part would have cost $150 more than the 
repair job. However, new parts could not be delivered 
for from 4 to 6 months and the loss of production would 
have cost about $500 per day 

In all cast-iron welding its important to preheat the 
part well and to allow it to cool slowly. Quick cooling 
will make the weld hard and unmachinable 


Fig. 3 When the welding was completed, the unit was 
covered with asbestos paper and allowed to cool 
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Welded Rail Costs Trimmed 


HOT trimming device, used for the first time on 

the Illinois Central continuous welded-rail pro- 

gram in South Chicago, has reduced the grinding 

operations to one-fifth of the usual amount 
needed, with important savings in grinding wheels and 
man-hours. 

After pressure welding, the excess metal formed at 
the weld must be trimmed from the top and sides of the 
rail ball. In the past, this was done with an oxy- 
acetylene blowpipe. As it is difficult to trim this upset 
close to the rail surface, an excessive amount of grinding 
was needed on the area. With the new hydraulic 
trimming device, tools tipped with ‘Haynes Stellite” 
hard-facing alloy plane the top and sides of the ball to 
a close tolerance, thus reducing the grinding operation. 

The weld area is trimmed at a temperature of about 

+ 2000°P, If the trimming is done immediately follow- 
: ing welding, no reheating is required. If the tempera- 
_ture has dropped, the area to be trimmed is quickly re- 
‘heated with an oxyacetylene blowpipe. The hard- The hot trimming machine was developed by The 
‘faced blades make the cuts while the metal is being Oxweld Railroad Service Co., Unit of Union Carbide 
‘reheated. and Carbon Corp. 


Fig. | Here is how the excess metal is trimmed 


The trimming machine saves many man-hours and makes important 
savings in grinding wheels 


the Oil Fields 


IGGING up operations of a steam rig near Long 
Beach, Calif., employ welding in numerous ways. 


Here a flange is being welded to piping (Fig. 1). 

Efficient welding trucks move 300-amp. gas en- 
gine driven welders about the area (Fig. 2). Hard- 
facing drill pipe was the operation on the other end of 
the cables when this picture was made. Some novel 
features of the truck include welding cable storage bin 
on either side at the rear of the vehicle. Hinged lids, 
shown open here, keep out rain and weather, thus 
affording protection to the rubber lines. Raised wells 
above the rear wheels afford a flat working table in 
addition to other working space. The walkway steel 
plate attached to the sides and rear of the body gives 
the truck a low streamlined appearance and serves as a 
useful guard from bumps and knocks encountered in 
field work. Reflectors placed at each corner of the 
body and the two at the rear give added protection 
during night highway travel. A trailer hitch, seen be- 
low the licence plates, comes in handy when additional 
equipment is needed on the job. 


Data and photos, Courtesy The Lincoln Electric Co., Cleveland. Ohio Figure 
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Figure 2 


Weatherproof storage for welding rods, conveniently 


located, keeps different size rods and other welding 
equipment in easy reach of the busy welder (Fig. 3). 
The box is constructed of lightweight steel, and divided 
into compartments for separating different size rods 
from other accessories. The hinged top makes the 
receptacle weatherproof. Mounting the unit beneath 
the truck floor makes for easy access, and gives cleaner 
lines to the vehicle. 

Efficient storage bins prolongs life of welding cable 
Fig. 4). These weatherproof bins are located at the 
rear of the welding truck, and are fabricated from dis- 


carded oil well casing. The tops, or covers, are made 


Figure 3 
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Figure 4 


from lightweight sheet steel and are hinged to the 
truck floor. The cables are neatly stored when not in 
use, and when needed, the lines play out rapidly with- 


out kinks. 


Figure 5 
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Efficient trap farm walk-way made from scrap constructed of angle iron with stairs and landing being 
materials (Fig. 5)—A safe and attractive stair for 
personnel on a trap farm can be readily welded 


from scrap materials. The frame of the stairway is rods are used for the guard rail. 


covered with expanded metal. Discarded sucker 


Diesel Manifolds Economically Repaired 


YRACKS stainless-steel exhaust 
manifolds for Diesel locomotives are 


economically repaired by means of 


inert-gas-shielded are welding at the shops 
of the Lehigh Valley Railroad. The 
eracks develop where the manifolds were 


previously joined and permit exhaust gases 


to escape. These gas leaks are trouble- 
some and dangerous and the manifolds 


must be replaced or repaired. 
The railroad uses a special jig-positioner 
as shown in Fig. 1, to hold the manifold 


during the repairs. First, all of the lag- 


ging is removed from the manifold which 
is then taken apart for realignment in the 


jig. The parts are placed in the jig so that 


the operator can reach easily all of the 


areas to be welded 

Once the manifold is set up in the jig, 
the operator goes over all cracked places 
with a Heliare toreh and adds filler rod. 


Local heating of the are shows up small 
eracks which are also filled with the Ox- 
weld No. 28 columbium-bearing stainless- 


steel filler rod. The weld repairs cracks 


and also relieves the stresses caused by the 


original joining. 

After making each weld, stresses are 
’ further relieved by heating the pipe for : 
about 3 in. on each side of the weld. The Fig. 1. Jig-positioner used to hold manifold during repairs 
pipe is heated to about 1600°F. with an 


oxyacetylene blowpipe flame. This stress- 


Courtesy Orweld Railroad Service Co 


reheving operation also helps prevent 

i buckling and distortion in the assembly. the jig is removed as a unit, placed on The manifold shown has 48 locations 
After completion of the welded repairs, wheels, and wheeled into a furnace to bake that are reworked or repaired in this way 

the holding bands are reapplied and a the lagging. Cost of reconditioning, is Argon gas is the shielding medium. The 

shipping strip is welded to the flanges said to be about $40 for a complete mani- current is a. ¢. with imposed high fre- 

Next step is to apply a L-in. thick layer of fold of this type. This does not include queney 

new lagging. The manifold assembly and the application of the new lagging 


; Continued from page 1000 Tanks, Welded Steel. Assembly Time on Terne Plate Tanks 
; Cut By Forty Per Cent, R. D. Wasserman. Steel, vol. 127, no 
Production at National Tube Co.'s McKeesport Works. Lron & 5 (July 31, 1950), pp. 73, 75 
Steel Engr., vol. 27, no. 6 (June 1950), pp. 120-122 Trailers. All Welded Utility Trailer, B. M. Smith. Industry 
Pipe Steel, Manufacture. Huge Forming Dies Simplify & Welding, vol. 23, no. 6 (June 1950), pp. 22-24 
Production of Welded Pipe, B. C. Brosheer Am. Mach., vol Trailers, Motor Truck. Welding Hits Road, A. H. Homrig- 
M4, no, IS (Sept. 4, 1950), pp 128 120 haus, Jr Industry & Welding, vol. 23, no. 6 (June 1950 pp 
Pipe, Steel. Welding Speeds Production of Large Diameter 36-37, 60. 
Pipe Industry & Welding, vol. 23, no. 7 (July 1950), pp. 30-32 Welds. Defects in Stainless-Steel Spot Welds, Po Fo Duval 
Presses, Manufacture. Weld 3850 Ton Mechanical Press R. S. Smith and F. FE. Craig. Welding Engr., vol. 35, no. 6 
‘ C. B. Clason. Welding Engr., vol. 35,'no. 7 (July 1950), pp. 17 (June 1950), pp. 30-31, 35, 49 
; 20 Welds Stress Relief, T. MeLean Jasper and W)C. Stewart 
; Refrigerating Pipe Lines. Ingenuity Plus Are Welding Speed Metal Progress, vol. 58, no. 1 (July 1950), pp. 79-80, 112, 114, 
i Big Brine Piping Job, Mo N. Vuchnich. Heating, Piping & Air 116, 118 
: Conditioning, vol. 22, no. 4 (Apr. 1950), pp. 86-87 Welds, Testing. Inspector's Approach to Are Welding, C. W 
: Rock Drills. Hard Facing. Production Hard-facing of Rock Ephithite. Welding, vol. 18, no. 5 (May 1950), pp. 218-222, 
Drills, G. kk. Stedman. Welding Engr., vol. 35, no. 6 (June 1950), (June) no. 6, pp. 255-260. 
pp. 32-35. Welds, Testing. Practical Butt Weld Inspection Using Ultra- 
Solders. Zine-Rich Solder for Aluminum, C. W. Roberts sonie Flaw Detection, A. C. Rankin. Welding, vol. 18, no. 5 
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related events 


WELDING SOCIBTY 


activities 


R.W.M.A. Prize Contest 
Winners Announced 


Winners of the R.W.M.A. 1950 Prize 
Contest have been announced by the Jury 
of Award. They are as follows: 

Category No. 1—Papers emanating 
from an Industrial source 

First prize of $750 awarded to the paper 
entitled “A Practical Method for Obtain- 
ing Consistent Resistance Welds,” by J 
Ww. Kehoe, Westinghouse Electric Corp., 
Pittsburgh, Pa. 

Second prize of $500 awarded to the pa- 
per entitled “Stress Distribution Around 
Spot Welds,” by A. O. Bergholm, P. W. 
Swartz and G, 8. Hoell, The Franklin In- 
stitute, Philadelphia, Pa. 

Third prize of $250 awarded to the paper 
entitled “Variables in Cross-Wire Welding 
of Dissimilar Metals,’ by I. 8. Goodman, 
Westinghouse Lamp Division, Bloomfield, 
N 

Category No. 2-——-Papers emanating 
from a University source, the author of 
which is either an Instructor, Graduate 
Student or Research Fellow 

First prize of $300 awarded to the paper 
entitled “Fatigue Tests of Spot-Welded 
Steel Sheets,” by Dr. Georges Welter, 
(This paper was published in the Septem- 
ber 1949 WeLpine JourNat 

Second prize of $200 awarded to the pa- 
per ¢ ntitled “Electrical Resistance Offered 
to Nonuniform Current Flow,” by W. B 
Kouwenhoven and W. T. Sackett, Jr., 
Johns Hopkins University, Baltimore, Md 
(This paper was published in the October 
1949 Wetping Journal 

Category No. 3—Papers emanating 


“ole Polytechnique, Montreal, Canada 


from a University source the author of 
which is an undergraduate student: 

There was only one paper submitted 
under this heading and in the opinion of 
the Jury this paper did not qualify under 
the definition set up by R.W.M.A. 

Biographies of some of the prize winners 
ire published elsewhere in the JourRN at 


A. E. Gaynor Memorial 
Resolu 


The following resolution prepared by 
J. B. Tinnon, Chairman, Chas. Kandel 
ind Creorge Schneider Was approved by 
the Board at its meeting on August 29th 

The Directors of the AMERICAN 
WeLDING Socrety record with profound 
sorrow the death of A. E. Gaynor after a 
lifetime of devoted service to the Society 
and the welding industry as a whole 

Mr. Gaynor was one of the founders 
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of the New York Section of the Socrery 
and from its inception in 1920 through 
1930 served on the Executive Committe+ 
of the New York Section He was a 
member of the Board of Directors of the 
National Society from 1926 through 1940 
and served three terms as senior Vice- 
President 

During his active vears as a member 
and officer of both the National Society 
and the New York Section, Mr. Gaynor 
gave unstintingly of his time and energies 
to the development of the Socrery 
His great ability, his analytical mind and 
his helpfulness contributed greatly to the 
early successes of the Socrmmry. His 
congenial spirit and sterling example ot 
lovalty, earnestness and integrity en- 
deared him greatly to his many friends 
and associates 

It is hereby resolved that this surh- 
mary of Mr. Gaynor’s connection with the 
Socretry be recorded in the minutes of the 
Board and a copy sent to his family with 
the deep sympathy of the Society 


Sustaining Member 


National Certified Pipe Welding Bureau, 
Suite 1401, 1250 Avenue of the Americas 
New York 20, N. ¥ A department of 
the Heating, Piping and Air Conditioning 
Contractors National Association, con- 
sisting of piping contractors in the power 
and industrial field, organized to engage 
ir 
welding, to disseminate information con 


research and educational work in pipe 


cerning methods of welding pipe, to estab- 
lish and qualif standard procedure 
specifications for pipe welding, to provi ke 
for the interchange of records of qualified 
pipefitter welders, and to promote and 
develop the use and to maintain the 
quality of welding in the pipefitting in- 
dustry 


Board of Directors Meeting 


A meeting of the Board of Directors of 
the American WELDING Soctery was held 
in Hotel Statler, New York, Headquarters 
toom at 10:00 A.M. on Tuesday, Aug. 29, 
1950, with the following in attendance 

Vembers: O. B. J. Fraser, Chairman. 
L. C. Bibber, A. F. Davis, R. 8. Donald, 
H. O. Hill, T. M. Jackson, C. 1. MacGuffie 
H. W. Pierce, L. C. Stiles, H. 8. Swan and 
J. B. Tinnon 

By Invitation: HU. Biers, D Joseph AG 
Oehler, W. Spraragen and J. Lyell Wilson 

1.W.S. Staff: J. G. Magrath and F. J 
Moone 


Soctety Activities and Related Events 


teceplance and Approval of Finance Com- 
mittee’s Proposed Budget for Society Op- 
eration Du ng the 1950-51 Fiscat Year 


D. Joseph, A.W.S. Auditor, pointed out 
that for the 1l-month period ended July 
31, 1950, the Sociery suffered a net loss of 
$14,218.21. This loss was caused primar- 
ily by failure to realize income budgeted 
for the sale of Welding Handbook and 
Welding Metallurgy 

He stated that the proposed budget of 
income and expense for the 1950-51 fiscal 
vear ts very realistic. The important items 
to be considered are income to be derived 
from the sales of the Welding Handbook as 
well as income to be received from mem- 
bership dues and JouRNAL advertising 
The budgeted income to be derived from 
membership dues is an actual billing 
amount which should be acquired 

Relevant discussion at length followed 
covering various activities of the Sociery 
including presentation by Lyell Wilson, 
Vice-Chairman of the T.A.C., and Chair 
man of T.A.C. Subcommittee on Budget, 
of proposed expansion of T.A.C. activities 
to accommodate industries’ requirements 
Mr. Wilson's presentation was essentially 
the same as that given to the Finance Com- 
mittee (refer to minutes of Finance Com- 
mittee meeting Ollowing the discus- 
sion, the proposed budget as submitted by 
the Finance Committee was approved 
subject to quarterly review for the purposs 
(1) considering salaries suggestions and 
employing additional personnel in the 
“A.C., if circumstances permit and (2 
the Sociery actively investigate and at 
tempt to raise funds specifically for tech 
nical activities 

Mr. Wilson emphasized that it was im- 
possible for the T.A.( to either do the 
things as planned for or to show results ex 
pected of it without strengthening its or- 
ganization by the added personnel re- 
queste d in its presentation to the Finance 
Committee As before stated it was agreed 
by the Board that (a) all were in favor of 
the T.A.C. recommendations (4) that at 
this time the budget did not allow fulfill 
ment of same and that (¢) ways and 
means will be sought at once toward pro- 
viding the necessary funds to enlarge the 
scope ot uwtivities 


1.W.S. Student Chapter at Utah State 
Agricultural College 


Utah State Agricultural College, located 
it Logan, Utah, having fulfilled all the 
qualifications necessary for the establish- 
ment of a Student Chapter at their College 
requested that formal authority to operat 
is the Utah State Agricultural College 
Student Chapter of the A.W.S. be granted 
them 
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Upon motion, duly seconded, the Board 
of Directors so approved. 


bischarge of Welding Handbook Committee 
with Vote of Appreciation 


The Welding Handbook Committee, 
having completed its task in the publica- 
tion of the new third edition of the Weld- 
ing Handbook, was discharged by the 
Board of Directors with a vote of sincere 
appreciation and commendation for its 
unique and most valuable services. The 
Secretary was directed to prepare and 
send a letter of appreciation to the mem- 
bers of the Welding Handbook Committee 
who gave unstintingly of their time and 
services, 

The Welding Handbook Committee's 
recommendations regarding the mechanics 
for producing a fourth (next) edition of the 
Welding Handbook were tabled until such 
time as it may be necessary to consider the 
formation of an organization for the pur- 
pose of producing a next edition of the 
Welding Handbook 


Canadian Welding Bureau Course 


The Secretary stated that R. M. Good- 
erham, General Manager of the Canadian 
Welding Bureau, submitted a proposed 
contract to A.W.S. for the purpose of 
selling a correspondence welding course 
here in the United States 
contract Was submitted to the Socrery’s 


The proposed 


attorney for review and comment thereon. 
The Socrery’s attorney has requested that 
he be given ample time to completely study 
the contract before reporting on its legal- 
ity 

President) Fraser read letters at this 


Simply mark your workpiece 
with the proper Tempilstik* 
When the mark melts, the specified 
temperature has been reached. 


meeting from Messrs. Sieger, Jennings and 
Jefferson in which all three yentlemen 
raised objections to the institution of such 
a course in this form. 


Mr. Pierce stated that this course is not 
for the purpose of teaching a man how to 
weld. Rather it is a welding engineering 
course which will benefit welding super- 
visors and those aspiring to supervisional 
positions as well as further the education in 
welding engineering of engineering design, 
drafting and supervisory personnel. 

Mr. Joseph, A.W.S. Auditor, suggested 
that before the Sociery decide definitely 
to adopt the Canadian Welding Bureau 
course as proposed by Mr. Gooderham, 
that it look into the possibility of other 
means for producing a correspondence 
course supplemented by slide films for 
study groups and supporting lecture 
courses. He had in mind a specific or- 
ganization which has successfully con- 
ducted such activities. 


It was observed by Mr. Fraser that if we 
considered Mr. Gooderham’s recommenda- 
tion for adopting the Canadian Welding 
Bureau's course that the course would have 
to be supplemented with chapters treating 
with gas welding and the allied processes 
Mr. Bibber suggested that it might be 
better of A.W.S. set up its own corre- 
spondence course in view of the fact that 
much of the Canadian Welding Bureau's 
correspondence course was built around 
American standards produced by the 
American Society. After con- 
siderable discussion the Board of Directors 
upon motion, duly seconded, voted that 

1) the Socrery’s Secretary be authorized 


to negotiate a contract with Mr. Gooder- 
ham, subject to the advice of the SocreTY s 
attorney and (2) that technically-wise the 
course meet with the approval of the 
Society's Technical Secretary and Chair- 
man of the National Education Commit- 
tee and (3) that the arrangements be 
totally satisfactory to the Officers of the 
Society before consummation of contract. 


Recommendations of the Technical Activities 
Committee 


The T.A.C. recommended to the Board 
of Directors that invitation to appoint an 
\.W.S. representative to A.S.A. Sectional 
Committee C63, Radio-E lect rical Coordina- 
tion, be accepted and that A. N. Kugler, 
Air Reduction Sales Co., be yppointed 
official A.W.S. representative 

Upon motion, duly seconded, the Board 
of Directors so approved 


A. FE. Gaynor Memorial Resolution 


At a meeting of the Executive Commit- 
tee of the Socrery on June 7, 1950, a 
three-man committee consisting of J. B 
Kandell and G 
Schneider were appointed to prepare 
appropriate memorial resolution to be 
spread on the records of the Socrery and 
transmitted to Mr. Gayner’s family 

At this meeting, appropriate memorial 
resolution for the late Mr. Gaynor, as pre- 
pared by this Special Committee, was con- 
firmed and by vote of the Board of Direc- 
tors the resolution was adopted for the 
records of the Socirery and transmittal to 
Mr. Gaynor’s family 


Tinnon, Chairman; © 


Continued on page 101 


A convenient method of 
controlling working 


temperatures in: 


WELDING 

FLAME-CUTTING 
© TEMPERING 

© FORGING 


CASTING 

© MOLDING 

DRAWING 

STRAIGHTENING 


© HEAT-TREATING IN GENERAL 


Also available 
in pellet or 
liquid form 


FREE — Tempil® “Basic Guide to 
Ferrous Metallurgy” — 16," 
by 21” plastic laminated wall chart in color. 
Send for sample pellets, stating temperature 


of interest to you. 


TEMPIL’® CORP.., 132 west 22nd st.. NEW YORK 11. N. Y. 


We invite inquiries from reputable distributors interested in handling Tempil® products. 
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Machine Design Sheets free on request. Write Dept. 911, 


THE LINCOLN ELECTRIC COMPANY 


OHIO 
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CODES 
STANDARDS 


and SPECIFICATIONS Air Reduction Sales Co Outside back cover 


Aluminum Company of America 


Are you fully informed on the latest welding 
standards available? Have you missed any of the American Chain and Cable Co 
earlier standards? This column is published as a 
regularly monthly feature of The Welding Journal American Manganese Steel Division 
to keep you abreast of AWS technical standards, 
which are universally recognized as the most au- Arcos Corporation 
thoritative source of welding information. * 


The list of publications shown below is only Bastien-Blessing Co 
partial; it is changed from month to month. 
Becker Brothers Carbon Co 


The Challenge Machinery Company 
The Champion Rivet Company 


Keep informed—read this column regularly 


D. INDUSTRIAL APPLICATIONS 


Buildings, Bri , Ai ft, A ive, 
uildings, Bridges t, Automotive Deckeon 


D1.0-46 Standard Code for Arc and Gas Weld- 
ing in Building Construction $1.00 Electric Arc, Inc 
D2.0-47 Standard Specifications for Welded tectic Wel All C 
anil Eutectic Welding Alloys Corporation 
D3.1-41 Report on Thermal Stresses and Hobart Brothers Company 
Shrinkage in Welded Ship Construction 
D3.2-44T Structural Failures in Welded Ship Robt. \W/. Hoffman Company Inc 
Construction (Tentative) 
D3.3-48 Rules for Welding Piping in Marine The International Nickel Co., Inc 1013 
Construction—Carbon Steel Only 
D4.0-44T Weldability Standards for Alternate Jackson Products Inside back cover 
Aircraft Steels (Tentative 
D5.1-47 Rules for Field Welding of Steel Stor- The Lincoln Electric Company 1007 
age Tanks 
*DS.2-48 A.W.W.A.-A.W.S. Standard Specifi- The Linde Air Products Company, Unit of 
cations for Elevated Steel Water Tanks, Union Carbide and Carbon Corporatior 
Standpipes and Reservoirs 
*‘D7.0-49T A.W.W.A.-A.W.S. Standard Speci- P.R. Mallory & Co., Inc 
fications for Field Welding of Steel Water 
Pipe Joints (Tentative) Metal & Thermit Corporation 
D8.1-46T Recommended Practices for Auto- 
motive Flash Butt Welding (Tentative) National Carbide Company 
D8.2-48T Survey of Automatic Arc and Gas 
Welding Processes as Used in the Automo- National Cylinder Gas Co 
tive Industry 
D8-3-50T Recommended Practices for Sal vag- Page Steel and Wire Division 
ing Automotive Gray Iron Castings by 
Welding Progressive Welder Sales Company 
*Binder for All Codes and Standards in 
Groups A, B, C & D. Members 


Non-Members $3.50 Raytheon Manufacturing Company 


The Reid-Avery Company 
Tempil°® Corp. . 
NOTE: 25% discount to A and B members and 15% 
discount to C members of AWS on copies of any Tube Turns, Inc. 
codes and standards listed ahove except starred 
items. Tweco Products Company Ir 


Union Carbide and Carbon Corp 
The Linde Air Products Company 


Send your orders, or requests for order forms con- 
taining complete list of AWS publications to: 


Victor Equipment Company 


Dept. T, Westinghouse Electric Corporation 
American Welding Society J.H. Williams & Co. 
33 West 39th Street New York 18, N. Y. Worthington Pump and Machinery Corpora- 


tion 1O3/ 


Society Activities and Related Events THe WeELDING JouRNAL 


1019 
A 
1019 
109 
1009 
» 
1020 
7 
4 
«@ 
101)91 
Jz 
10 le) 
N24 & 
1034 & 
ide front cov | 
Unit 255 
1043 
; 
} 
1008 
— 


F 


The Challenge Semi-Steel Welding Table pro- 
vides a true, rigid surface with Tee-Slots to facili- 
tate assembling, locating and welding. It is built 
of fine grain special analysis semi-steel— perfectly 
smooth and square. Made in three standard sizes, 
30x60", 48x96" and 54x144”; other sizes to order. 


On special order, plates will be grooved and 
keyed so that two or more plates can be assembled 
and mounted into one complete unit. For example, 
four 54x144” plates into one huge unit 144x216". 


TEE-SLOT 
CONSTRUCTION 


ALL-STEEL STAND INCLUDED. The Chal- 
lenge Semi-Steel Welding Table is sold with a 
sturdy arc-welded, all-steel stand which makes a 
substantial base that has the strength and solidity 
of a one-piece unit. The stand is equipped with 
lock leveling screws, enabling the user to level 
his plate quickly and lock it securely. The num- 
ber of lock leveling screws varies from 19 on the 
30x60-inch size to 59 on the 54x144-inch size. 


THE CHALLENGE MACHINERY COMPANY 


1751 GRAND HAVEN, MICHIGAN 


NovemMBer 1950 


CHALLENGE Seac-Szel WELDING TABLE 
with arc-welded all-steel stand 
| 
| 
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ipproval of Jerome Welch to Serve on 
R.W.M.A. Jury of Award 


The Board of Directors approved the 
appointment of Jerome Welch, Cutler- 
Hammer, Inc., Milwaukee, Wis., to serve 
on the R.W.M.A. Jury of Award to fill the 
unexpired term of one of its members who 
tendered his resignation. The unexpired 
term is for the vears 1950 to 1954. 


A.W.S. Membership in 11.W. for Calendar 
Year 1961 


Howard Biers, member-at-large of the 
A.W.S. Committee on L.1.W., reported 
that he attended the recent meeting of the 
International Institute of Welding which 
was held in Paris, France, June 5-10, 
1950. 

He observed that this was the second 
full-scale meeting of the LI.W. and that 
350 members attended, representing many 
l-uropean countries. The reports rendered 
at the meeting are not as yet available in 
printed form. 

The work of the LI.W. is still organiza- 
tional, its purpose being to raise the level 
of welding in technical Europe, to that al- 
ready prevailing here in this country. 

Mr. Biers stated that the LIW. 
operates on a vearly budget of £750, of 
which the United States and England each 
contribute £175. U.S. withdrawal would 
be a severe financial blow to the LLW. 
project. Next year's meeting should prove 
highly successful and it is anticipated 
the attendance will be 500 or more. Ac- 
cordingly, he recommended to the Board of 
Directors that A.W.S. should continue 


membership in the L.1.W. for the calendar 
vear 1951 for reasons that (1) to protect 
our self interests as it is highly undesirable 
for any other country to replace the U. 8. 
as the leading exponent of welding and the 
allied processes (2) membership in the 
L.1.W. is very helpful in maintaining the 
already acquired position of the A.W.S. 
standards 

Upon motion, duly seconded, the Board 
of Directors voted favorably to continue 
A.W.S. membership in the L.1.W. for the 
calendar year 1951. 

The Sociery'’s Secretary was of the 
opinion that the L.1.W. activity should be a 
function of the Technical Activities Com- 
mittee. The Board of Directors, upon 
proper motion, voted to refer this matter to 
the A.W.S. Committee on L.1.W. for con- 
sideration and recommendations thereon 
and that the Society's Secretary be em- 
powered to follow through with recom- 
mendations of the A.W.S. Committee on 


Welding Journal Questionnaire 

A. G. Ochler, Chairman, 
JourRNAL Committee, reported that on 
Jan. 23, 1950, with the approval of the 
Board of Directors, a questionnaire was 
sent to the entire membership to ascertain 
reader interest in various sections of THe 
WELDING JOURNAL 

On April 1, 1950 the returns were de- 
elared officially closed and the task of 
analyzing the 726 replies was undertaken. 
Each questionnaire had 115 possible votes 
and 11 places for comments. These votes 
were further divided in 16 job categories 


ations, 


IN THE RED DRUM 


60 E. 42nd St. 
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EFFICIENT 
ECONOMICAL 
DEPENDABLE 


NATIONAL 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us tor information as to nearest available stock. 


COMPANY 


CARBIDE 


A Division of Air Reduction Co., Inc. 


Society Activities and Related Events 


The comments occupied 155 typewritten 
pages and the votes reduced to percentage 
basis occupied 10 additional pages 

Briefly the results of this questionnaire 
led to the following basie conclusions: 


1. Tue Journat as a whole is helpful 
to 95% of the responding members 
Three per cent of our responding member= 
had difficulty in locating the Contents page 
and therefore the Wenoing Journal 
Committee recommends that the cover be 
redesigned to include the feature articles 
and the page location of the Contents page 
and Advertisers Index 

2. The Engineering and Technical 
Articles are acceptable to 88% of the re- 
sponding members and should not bx 
changed. 

3. The Practical Welder and Designer 
Section is liked by 78% of our responding 
members and should be continued in 
about the same proportion. 

4. The Principal Departments in the 


News Sections are well received. 
amples: 
Society and Related Activiti 71 
News of the Industry SS 
New Literature 
New Products 49 
Section Activities 60 


5. The Research Supplement should 
be continued. Fifty per cent voted against 
separation and only 22% voted in favor ot 
separation, 

6. The Advertising is read by 88% of 


our responding members and found helpful 


New York 17, N.Y. 


Tue WevpinG Journat 
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service 


with 
AMSCO. Hardfacing! 


Post Hole Digger now digs 206 holes 

in rocky soil before repointing 

Just 4 holes was the former life of a new point and 
blade on this power-driven post hole digger. 

After hardfacing with AMSCO Tube Tungsite, the 
same blade and point dug 206 holes—5/ times 


the former service! 


Here’s another example of big savings 

with AMSCO Hardfacing . . 

This cultivator spade gave 3 times the former service 
when hardfaced with AMSCO Farmface—62 acres 
before, 185 after! 


These are typical examples of tremendous savings 
Where to look for money-saving made with AMSCO Hardfacing . . . savings in time, 
hardfacing applications: maintenance and money! Wherever any kind of part— 
from huge mining dippers ares—is 
On parts subject to wear by abrasion, small plowshares—is 
: subjected to impact or abrasion, you'll find that 
impact, heat or corrosion, such as: 
it pays to hardface with AMSCO Welding Products. 


Earthmoving Equipment « Farm Equipment 


Oil Field Drill Bits Sprockets « Dredge wile 


Pump Shells « Materials Handling Equip- 


ment « Pulverizer Hammers « Punching, 
Trimming, Forging Dies « Coal Cutter Bits. \M ( O. 


COMPANY 


399 EAST 14th STREET - CHICAGO HEIGHTS, lil. 


' Brak ke Shoe | AMERICAN MANGANESE STEEL DIVISION. 
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The ABC’S of Welding 
High Tensile Steels 


Write for “The ABC’s of Welding 

High Tensile Steels” for helpful, techni- 

cally accurate, but easy-to-read information that 
Ws shows the way to better welding results. 


5 


WELD 
WITH 
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COS 


Specialists in Stainless, Low Alloy and Non-Ferrous Electrodes 


Society Activities and Related Events 


by 74% of them with 49% making actual . 
purchases as a result of ads in the JouRNAL 
These comments will form the basis of a 
new advertising brochure. 


It developed that a number of people 
felt improvements could be made to the 
front cover of the JourRNAL and another 
group believed that the contents should be 
shown on the front cover. The total of 
these two groups was sufficient to warrant 
the Committee's consideration of their rec- 
ommendations and a redesign of the front 
cover, to include the major article content 
It was observed by Mr. Oechler that 
this change will effect a slight saving in 
production costs. The Secretary observed 
that he had made an independent check of 
the returns by the responding readers on 
the basis of an occupational survey, a 
method different from that employed by 
Tue WetpinG Journat Committee in its 
analysis. The Secretary reported that 
based upon his exploration, Taz WeLpina 
JourRNAL Committee’s report was a true 
representation of the responding readers 
opinion. He observed that while it was 
not certain that all JouRNAL readers were 
of the same opinion as the responding 
readers, a survey of this type and a similar 
representative percentage of return, were 
accepted as authoritative by many pub- 
lishers and survey makers. The Secretary 
felt that therefore we could accept the 
opinions of the responding readers as 
reasonably indicating the feeling of the 
Soctety’s membership. If a further 
analysis of the questionnaire is desired, 
then a committee of three should be ap- 
pointed to carry out this assignment 

He observed that it was very important 
either to find out the opinions of those who 
neither are in the Society nor read the 
JOURNAL in order to learn the proper pat- 
tern foz interesting such people in Soctery 
membership. 


Detailed Analysis of Journal Questionnaire 


The Secretary reported that the 10-page 
detailed analysis of replies received cover- 
ing the JouRNAL Questionnaire, as sub- 
mitted by the Wetoinc JourNnaL Com- 
mittee, was very well summed up 

J. B. Tinnon observed that the So- 
creTy’s advertising revenue and member- 
ship registration is not as expected because 
the present mebership is not satisfied with 
the JouRNAL as it is now published. He 
voiced disapproval of publishing Annual! 
Meeting papers as late as eight or nine 
months following the presentation of such 
papers at the Socrery’s Annual Meeting 
Mr. Oehler agreed in large part with Mr 
Tinnon’s ideas but stated that Tue Wexp- 
ING JoURNAL Committee does not have the 
budget to do all the things Mr. Tinnon 
may have in mind. 

The Secretary pointed out that based on 
last vear’s Annual Meeting registration, in 
which 54% of those registered were not 
members of the Sociery, the membership 
potential for the Society is 15,000 

He stated that he has found that both 
Tue Journat Committee and 
the Journat Editor, as well as others, are 
favorable to the production of a publica- 
tion which will not depend upon Annual 
Meeting papers for its text. In order to 
obtain the popular type of articles written 


Tue Wepine JouRNAL 
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WELDING MONEL? 


Which electrode do you need... 


Both the “140” and “130X” electrodes are used for 
welding Monel®, but each of these rods is designed 
to do a specific job. 


For best results ... sound, strong, corrosion-resistant 


welds...it pays to make sure you have the right rod 
for the job at hand. 


Check the following table carefully when in doubt 
...and file it for future reference! 


QUESTION ELECTRODE e ELECTRODE 


1 Which rod is right for welding solid Monel in all May be used if no “’130X" is at 
positions? hand. 


Which rod for overlaying Monel directly on steel? Yes No. A barrier layer of nickel 


must first be laid down. 


Which for joining wrought or cast Monel to steel or | 


No 


stainless steel? 


Making direct Monel-to-steel welds? 


Joining Monel to nickel? 


6 What are the recommended amperages? 3 32’ 35-60 amp. 075" 25-40 amp. 
18” 70-110 amp. 332” 45-60 amp. 

5 32” 110-150 amp. 18 60-95 amp. 

3, 16” 140-190 amp. 5 32” 80-150 amp. 

3 16” 140-190 amp. 


170-260 amp. 


D.C. Reversed polarity. 


What type of current and polarity must be used? D.C. Reversed polarity. 


Are the corrosion-resisting properties of the weld 


deposit comparable to those of the parent metal? Yes Yes 


Do the mechanical properties of the weld deposit Yes, assuming parent metal is in Yes, assuming parent metal is in 


compare with those of the parent metal? the soft-temper condition. the soft-temper condition 


NEW PACKAGING NOW STANDARD 


All Inco welding electrodes are now supplied in special 
moisture- and shock-resistant tubular containers. 


* * 


* 


For a permanent addition to your reference files, ask 
for your copy of Technical Bulletin T-2, The Welding, 
Brazing, and Soldering of Monel, Nickel, and Inconel®. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. 
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in an industry promotion style, it would be 
necessary to supplement THe Wetpinc 
JouRNAL staff with an additional field 
editor who could secure such stories in the 
field and possibly then publish the various 
papers given at the Annual Meeting in the 
order of “Transactions issued either 
quarterly or semiannually. However, in 
order to do such it would be necessary for 
the Sociery to find additional funds to the 
extent of $50,000. Such, at the present 
time, is not forthcoming in advertising or 
other sources of revenue and therefore the 
Society is forced to hold to the present 
pattern which, admittedly, may not be the 
best pattern. As organized, we are produc- 
ing a publication within our means 
Greater improvement in our organization 
and publication production can be ac- 
complished if additional funds can be 
found 

After receiving the foregoing comments, 
the Board of Directors, upon motion, duly 
seconded, extended a vote of thanks to 


Tue JourRNAL Committee for its 
heating Stress Re- most and iting re- 
lievingand Normal- 


Renewal of Agreement of Supple- 


izing Equipment-By- 


The Board of Directors upon motion, 


ry) : Induction-Heating duly seconded, renewed with W.R.C. for a 


; ‘ two-vear period, covering the calendar 
at Low Frequencies. vears 1951 and 1952, the agreement now 
eg in effect in regard to the publication of the 
Joi Welding Research Supplement in Tue 
at in 20" 0.0. WELDING JOURN AL, with exception that in 

Carbon 


Item 4 which now reads: 


“The W.R.C. agrees to pay an additional 
$15.00 per page for exch page above this 
number.” 


@ Smith-Dolan Heating Apparatus can be easily and AM 

P N u . agrees to pay an additional 

safely handled by regular job personnel. SN $35.60 per page for each page shove this 

It will deliver consistently perfect results under safe KS number.”’ 

conditions assuring minimum job costs. VN 

Thorough heating of heavy wall metal sections ASS Report of Special Committee on 

can be achieved in a minimum of time with precise Wy W.R.C. Relations 

control. At a meeting of the Executive Commit- 

Proper heating is delivered according to set NGS tee of the Society on June 7, 1950, that 

specifications and requirements of the Boiler and \ . . Committee appointed a three-man Com- 


Piping codes. mittee consisting of H. O. Hill, as Chair- 
ping man, H.C. Boardman and T. C. Fethers- 


ry NEW MODEL U-P er NS ton, for the purpose of reviewing and ren- 
atente der ‘po ‘ sto e Wek 
Smith-Dolan System, portable, , i \ lering report on the history of th lding 
low frequency induction beater, 
three-high stack (shown) 30 


Research Council and its relationship with 
the American WetpING Society as well 


hva, 10 hea per unit. Buy one as making suitable recommendations to 
or stack two or three for in- | the Board of Directors that Article XVI 
creased capacity. Buy what you IWS “Welding Research” of the Society's By- 
need; build as you go. Laws be revised to reflect the true relation- 


ship between A.WOS. and W.R.C. as it 
j exists today. This report to be rendered 
units (shown) and Model GC \ to the Board of Directors as part of this 
Duplex 120 or 150 kva induc- ‘ year’s business and the Committee to be 
tion beaters (shown in catalog). known as the “Special Committee on 
A.W.S.-W.R.C. Relations 
The “Special Committee on A.W.S.- 
Electric Arc equipment can be rented or purchased for any \ WRO Relations” on vcore mad 
job requiring preheating and stress relieving for welding 
and normalizing. 


recommendation to the Board of Directors 
at this meeting regarding the proposed 


Write for Informative Catalog wording for Article XVI “Welding Re- 
8 search” of the By-Laws. The 


ELECT Bos lul 
Joard of Director upon motion, duly 
RIC ARC LE iH R - seconded, voted favorably © adopt the 


new wording for Article XVI and recom- 


161 JELLIFF AVE., NEWARK 8, N. J. its acceptance by the AWS. 
AC & DOC Welding Equipment @ Spot Welder Electrodes & Supplies Constitution and By-Laws Committes 
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AGE ELECTRODES 


ARC 


—stable even at very 
low amperage 


SLAG 


—clean, easily removed 


COATING 


—resists cracking down to 
very short stubs 


SELECTION 


—complete line for welding every 
type of stainless 


DELIVERY 


—prompt from warehouses in Chicago, Denver, Houston, 
Philadelphia, San Francisco and the factory 
at Monessen, Pa. 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Portland, San Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABL 


Page-Allegheny 
. \ 

ACCO 

With Yo “Ch 

mann 
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Herewith follows revised wording for 
Article XVI “Welding Research” of the 
Society's By-Laws: 


WELDING RESEARCH 


Section 1. Welding Research.—The 
American Society shall pro- 
vide for research in welding and the re- 
lated processes as a Socrery and/or by 
cooperating with the separate research 
organization known as the Welding Re- 
search Council. 

Section 2. Research Funds.— Research 
funds of the Socrery may be obtained 
through voluntary contributions, by solici- 
tation or by appropriations from the regu- 
lar funds of the American WELDING 
Sociery. Solicitation of funds in the 
name of the Socrery may be made only 
with the approval of the Board of Diree- 
tors. 

Section 3. Custodian of Research 
Funds.—The Custodian of research funds 
of the Socrery shall be the American 
Society or any other body 
designated by the Board of Directors. 

Section 4. Research Publications.—A 
separate section of Tue We.pine Jour- 
NAL of the AMertcan WELDING Society 
may be provided for the publications of the 
Welding Research Council. 


The Board of Directors voted favorably 
to discharge the “Special Committee on 
A.W.S.-W.R.C. Relations” with a vote of 
thanks for its submission. 


Corporation Membership 


In an endeavor to furnish industry with 
the activities it now seeks, L. C. Bibber, 
A. F. Davis and J. B. Tinnon went on 
record as favoring an additional member- 
ship classification, to be known as a Cor- 
poration membership. 


Annual Report on Activities of the Society 


An 18-page report on the activities of 
the Socrery for the administrative year 
ending Aug. 31, 1950, as prepared by the 
Society’s Secretary, was submitted to 
the Board of Directors. 


Time and Place of Next Meeting 


The Board of Directors will hold its 
next meeting on Thursday, Oct. 26, 1950 
in the Hotel Sherman, Chicago, Ill. 

President Fraser announced that a 
meeting of the Executive Committee of 
the Society will be held sometime in 
September. 


Adjournment 
The meeting was adjourned at 4:20 P.M. 


Executive Committee Meeting 


A meeting of the Executive Committee 
of the American Welding Society was held 
in room 608, Engineering Societies Bldg., 
33 W. 33rd St., New York, Thursday, 


Sept. 21, 1950 with the following in at- 
tendance: 


Members: O. B. J. Fraser, Chairman. 
David Arnott, R. 8. Donald, H. O. Hill 
and C, H. Jennings. 

By Invitation: C. D. Evans 

A.W.S. Staff: J. G. Magrath. 


By-Laws Recommendations 


The Constitution and By-Laws Com- 
mittee met on Tuesday, Sept. 19, 1950. 
It was represented by its Member, H. O. 
Hill, who presented his Committee’s 
recommendations which follow. Each 
recommendation was acted upon by the 
Executive Committee as indicated. 


Report on Committee on Election Procedure 


The viewpoints and recommendations 
of the Constitution and By-Laws Com- 
mittee relative to the report rendered by 
the Special Committee on Election Pro- 
cedure to the Executive Committee of the 
Society at meeting held on Apr. 26, 1950, 
are as follows: 


1. The proposed method of selecting 
a Nominating Committee bas practi- 
cally been in effect for several years. It 
was criticized by the Sections and was 
revised about a year ago to its present 
form requiring the election of a Nomi- 
nating Committee. This revised pro- 
cedure has not even been tried to date 
and should not be changed for the pres- 
ent. The chief difficulty involved is 
that the members selected by the seven 


l Convert Rocker Arm Spot Welders 


to Fast Air Pressure Control 


Compact @ Low Cost @ Self Contained 
Eliminates old-fashioned foot control 


SWITCH TO SPEED WELDING 
with WELD-AIR-MATIC 


@ Three standard sizes available. 


Step up spot welding capacity now with the 
new Weld-Air-Matic Control Unit. One 
simple, easy installation and your present 
foot-control type welders can attain a new 
peak of efficiency on continuous, full-load 
production schedules. With machine after 
machine, Weld-Air-Matic units are achieving 
a high record of 10,000 welds per hour on 
continuous, 8 to 10 hour daily schedules. 


Clamps to Upper Horn of Welder 
Weld-Air-Matic is one integral installation 
unit, complete with all accessories mounted 
on a strong, aluminum alloy casting. It pro- 
vides a feather-touch electric foot switch to 
control air pressures and energize a coil on 
a four-way operating valve. 

Take advantage now of up-to-date Weld- 
Air-Matic air pressure operation. Convert 
your present equipment. Achieve easier oper- 
ation, greater speed and accuracy in weld- 
ing without the cost of machine repiacement. 


©@ Operates on reduced air pressure of 15 
to 50 Ibs. 


© Maximum stroke, 12” on size 1 welder, 
2” on size 2, 2%” on size 3. 


© Used with any standard Weld Timer. 
© Requires minimum of 4 cubic feet air supply 
per minute—minimum £0 Ibs. line pressure. 
Write today 
for complete details—learn all the facts on 


the savings possible NOW with Weld-Air- 
Matic! 


ROBT. W. HOFFMAN COMPANY, Inc. 
36 South Clinton Street 


Soctely Activities and Related Events 


Chicago 6, Illinois 
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Rewar 


NI-ROD saves iron 
castings...makes 
machinable welds 


But for Ni-Rod electrodes, this pump body would 
have been scrapped at the foundry. The built-up 
arec of the flange facing is almost indistinguish- 
able from the original cast iron. Machining, drill- 
ing and tapping of the Ni-Rod weld deposit were 
no more difficult than similar operations in cast iron. 


NoveMBER 1950 


In the photograph above, you see a 
45-pound gray iron pump casing 
that was rejected because a small area 
of the flange failed to fill during 
pouring. 


Instead of being scrapped, the cast- 
ing was sent to the plant’s welding 
department. There, with Ni-Rod® 
electrodes, the defective flange was 
built up and the repaired casting was 
passed to the machine shop where it 
was finished like a regular production 


piece. 


Salvage operations like this with 
Ni-Rod save time and money. 


Ni-Rod gives fast, crack-free, non- 


porous welds that are a close color 
match for gray iron... and welds that 
are as machinable as the iron itself. 
Slag removal is easy. And Ni-Rod is * 
stable-arcing in all positions with 
either AC or DC current. 

Another important Ni-Rod feature 
... preheating or post-heating is sel- 
dom necessary. 


For welds you've never been able 
to make before . . . in high- 
phosphorus irons; heavy sections— 


NI-ROD “55” 


FREE — 8-page booklet: 


“NI-ROD...a new electrode for any cast iron welding.’ 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N.Y. 


EMBLEM OF SERVICE 


TEAOE mate 


NI-ROD DISTRIBUTORS 


Alloy Metal Sales, Led. 
Robert W. Bartram, Led. 
Eagle Metals Company 


Company 


Metal Goods Corporation 


Metal & Thermit Corporation 


J. M. Tull Metal & Supply 


Pacific Metals Company, Led. 
Steel Sales Corporation 


Whitehead Metal Products 
Company, Inc 


Wilkinson Company, Led. 
Williams and Company 


National Cylinder Gas Company Hollup Corporation 


= = . 7 : 
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RESO 


MANIFOLDS 


Rugged construction 
and precision control 
equipment give RegO 
manifolds long life, safe, 
dependable performance 
and low maintenance. 


Continuous Operation . . . Shut-off 
valve at each cylinder station permits 
removal of any cylinder without shut- 
ting down entire side of manifold. 
Master valves control each bank of 
cylinders. 


Unit Construction . .. Header consists 
of steel I-beam, extra heavy brass 
pipe and fittings, cylinder stations 
and master shut-off valves... with all 
permanent connections silver brazed. 


Precision Regulation ... Uniform 
delivery pressure is assured by dual 
large capacity two-stage RegOlators. 


Listed by Underwriters’ Laboratories, 
Inc. and Factory Mutual. 


Write for 24-page 
catalog giving com- 
plete specifications. 


OXYGEN 
ACETYLENE 
HYDROGEN 
NITROGEN 

and other high pressure gases 


*Reg. U.S. Pat. Office 


v 


ane MANUFACTURE OF PRECISION 
CONTROL. 


FOR USING AND 
‘ PRESSURE Gases 
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4201 West Peterson Ave. 
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Chicago 30, Illinois 


Districts may not be acquainted with 
suitable officer material and they may 
not have the ability to pick men with 
suitable qualifications. This is a chance 
that will have to be taken for the pres- 
ent. 

2. The second item requires that 
the Nominating Committee meet on or 
before a certain date. That is pro- 
vided for at present by stating that the 
report of the Nominating Committee 
shall be submitted to the Secretary on or 
before May 10th. This gives a time 
schedule that must be followed, 

3. The third suggestion is that the 
Nominating Committee publish the 
names along with the qualification and 
other information regarding the candi- 
dates. This Committee believes this is 
a very good suggestion which should be 
incorporated in the By-Laws. This 
might discourage further electioneering 

4. The fourth suggestion is to re- 
quire 250 endorsements for additional 
nominees instead of the present 25 
This Committee feels that 100 endorse- 
ments, as suggested by the Special 
Committee on Election Procedure, 
might encourage electioneering. 

5. The fifth suggestion is to obtain 
similar information regarding the can- 
didates by petition and publish in a 
subsequent issue of the JourNnat. This 
Committee favors such action 


The Constitution and By-Laws Com- 
mittee in an attempt to incorporate the 
suggestions they favor into the Sociery’s 
By-Laws recommend the following revi- 
sions: 


ArticLe XII 


Section 7. National Nominating 
Committee.—-Fourth sentence revise as 
follows: “The Committee shall! deliver 
to the National Secretary in writing, on 
or before the 10th day of May of that 
year, the names of its nominees for the 
various elective offices next falling va- 
cant with the written acceptance of each 
nominee. (District Vice-Presidents and 
District members of the National 
Nominating Committee shall be nomi- 
nated by each District Nominating 
Committee. See Article VI, Section 
6.) This Committee shal! also obtain 
information and prepare a statement 
regarding the qualifications and other 
information regarding all candidates, 
except the candidates for the National 
Nominating Committee, of not less than 
one hundred and seventy-five (175) 
words nor more than two hundred (200) 
words which shall be submitted to the 
National Secretary for publication in 
Tue WeELbING JouRNAL and also on the 
ballots. (These reports shall cover 
candidates nominated by the National 
Nominating Committee, the District 
Nominating Committees and by letter 
ballot.)” 


Articie IX 


Section 1. Nominations.—(b) The 
Secretary shall mail, on or before the 
first day of June of each year, to each 
member entitled to vote, a notice that 
nominations for officers must reach the 
Secretary not later than the first day of 
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Wall-Type Oxygen Manifold 
Tl ¢ 
Typice! Dval Regulator 
Floor-Type Acety'ene Manifold 
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your 


In the listing at right, you’ll find an Alcoa Dis- 
tributor practically in your own back yard. 
He’s a good man to know.. 
the world’s best stock of flux, rod, electrodes, 
solder, brazing sheet and wire. Results are 
predictable with Alcoa supplies because they're 
made by the men who know the metal best. 

If there is no Alcoa Distributor near you, 
write ALUMINUM COMPANY OF AMERICA, 
1944L Gulf Building, Pittsburgh 19, Penna. 
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. for he carries 


ALCOA DISTRIBUTORS NATIONWIDE 


Kuanta, Georgia 

© |. M. Tull Metal & Supply Co., Inc 
Baltimore, Maryland 

© Whitehead Metal Products Co., Inc. 
Birmingham, Alabama 

© Hinkle Supply Co., Inc. 

Boston (Cambridge), Massachusetts 
Whitehead Metal Products Co., Inc. 
Buffalo, New York 

© Brace-Mueller-Huntiey, Inc. 

© Whitehead Metal Products Co., Inc. 
Charlotte, North Carolina 

© Edgcomb Steel Company 

Chicago. IWinois 

© Central Steel & Wire Company 

© Steel Sales Corporation 

Cincinnati, Ohio 

© Williams & Company, Inc. 
Cleveland, Ohio 

© Williams & Company, Inc. 
Columbus, Ohio 

© Wiliams & Company, Inc. 

Dallas, Texas 

© Metal Goods Corporation 

Detroit, Michigan 

© Steel Sales Corporation 

Harrison, New Jersey 

© Whitehead Metal Prod. Co., inc. 
Houston, Texas 

© Metal Goods Corporation 

Kansas City, North, Missouri 

© Metal Goods Corporation 

Los Angeles, California 

© Ducommun Metals and Supply Co. 
© Pacific Metals Company, Ltd 


Milford, Conn 

Edgcomb Steel of New England, lac. 
Newark, New Jersey 

© Whitehead Metal Products Co., inc. 
Wew Orleans, Louisiana 

© Metal Goods Corporation 

New York, New York 

© Whitehead Metal Products Co., Inc. 
Phiadeiphia, Pennsylvania 

© Edgcomb Steel Company 

© Whitehead Metal Products Co., inc. 
Pittsburgh, Pennsylvania 

© Williams & Company, lac. 

Portiand, Oregon 

© Pacific Metal Company 

Rochester, New York 

© Brace-Muelier-Huntiey, inc. 

St. Louis, Missouri 

© Metal Goods Corporation 

San Francisco, Califernia 

© Pacific Metals Company, Ltd. 
Seattle, Washington 

© Pacific Metal Company 

Syracuse, New York 

© Brace-Mueller-Huatiey, lac. 

© Whitebead Metal Products Co., lac. 
Tampa, Florida 

© Florida Metals, lac. 

Toledo, Ohie 
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Tuly. ‘This notice shall outline the va- 
cancies of elective offices that shall be 
filled at the next regular election and 
request nominations for such offices, 
This notice shall contain a copy of this 
Section and the list of nominees recom- 
mended by the National and District 
Nominating Committees with a state- 
ment regarding the qualifications and 
other information regarding each candi- 
date (except candidates for the National 
Nominating Committee), as prepared 
by the National Nominating Commit- 
tee. The notice shall also state that 
no other names shall appear on the final 
voting ballot unless proposed by at least 
one hundred (100) qualified Corporate 
Members. This notice shall also con- 
tain the names of the members of the 
National Nominating Committee. 
Section 2. Election.(a) If a mem- 
ber, not proposed by the Nominating 


offices for which they are candidates 
and the names of candidates nominated 
by letter ballot as provided in Section 1, 
Paragraphs (6) and (ce), of this Article. 
Candidates selected by the Nominating 
Committees shall be identified by an 
asterisk. 


Upon review of the foregoing recom- 


mendations the Executive Committee 
moved, seconded and voted approval 
based upon the following changes: 


Articie XII 
Section 7: Change “10th day of 
May” to “Ist day of May” and delete 
the words “less than one hundred and 
seventy-five (175) words nor.” 


Tellers of Nominations 


In regard to the Society’s Executive 


Committee recommendation that the Con- 


lots must be placed in a plain envelope 
and sealed; then inserted in a second 
envelope and sealed. The voter shall 
then sign his name thereon in ink and 
mail it to the Secretary. The Secretary 
shall certify to the competence and sig- 
nature of all voters returning endorsed 
nomination ballots and shall then de- 
liver them unopened to the Tellers of 
Election. See Section 7 of this Article. 

A nomination ballot without auto- 
graphic endorsement of the voter writ- 
ten on the outside envelope shal] be con- 
sidered defective and shal] not be can- 
vassed by the Tellers of Election. The 
Tellers shall first open and destroy the 
outer envelopes of all properly endorsed 
ballots, and shall then open the inner 
envelopes, canvass the ballots and cer- 
tify the results to the Secretary. If no 
nominations, other than those proposed 
by the Nominating Committee, are made 


stitution and By-Laws Committee submit 
suggested by-law revisions allowing presi- 
dential appomemens of “Tellers for can- nomination ballots as Election Ballots 
ws and certifying nominations ballots and shall cast the ballot for the election 
instead of presean by-law procedure of the candidates so nominated. 

whereof the activity is the duty of the 
National Nominating Committee, the 
Constitution and By-Laws Committee re- 


and other information regarding each port that in their opinion the same “‘Tell- 
candidate (except candidates for the Na- ers” could function to canvass and certify 
tional Nominating Committee) as pre- both the nomination and, when such is nee- 
pared by the National Nominating essary, the election ballots. Therefore 
Committee. The time for the closure that Committee recommended the follow- 
of the voting shall also be stated. ing revision to the by-laws: 

The ballot sheet shall list the names hcmienedia 
of the candidates proposed by the Nom- 
inating Committees and the respective (c) The nomination bal- 


BECKER 


Twenty-eight pages of 

‘easily found informa- 
tion, complete with 
‘factory model num- 
“bers, replacement 
brush numbers, scaled 
illustrations of brushes 
listed, and all other 
necessary data. Here 
is a regular “ Encyclo- 
pedia” of Brush infor- 
mation covering all 
types and makes of 
welding equipment. 


by one hundred (100) qualified mem- 


Committees, is duly nominated as pro- 
bers, then the Secretary shall treat the 


vided for in Section 1 of this Article, 
then the Secretary shall mail, on or be- 
fore the 25th day of July of that year, to 
each member entitled to vote, a ballot 
stating the names of the candidates for 
the several offices falling vacant, with a 
statement regarding the qualifications 


Section 7. Tellers of Election.—The 
President shall, on or before the first day 
of July, appoint three (3) Tellers of Elec- 
tion whose duty shall be to canvass the 
votes cast for nominees and when nec- 
essary, for election and shall certify the 
same to the Secretary. At the Annual 
Meeting this Committee shall certify to 
the President or to the Presiding Officer, 
the names of duly elected officers. Their 
term of office shall expire when their 


WELDING CONNECTORS 
Saxe System Welded Connection Units 
for welded assembly 
Saxe Units place in position and securely hold together structural! 
parts to be welded. 

As used in many welded structures they eliminate all hole punch- 
ing producing an economical, rigid, safe and quickly erected struc- 
tural frame. 

“Write for 58 


Section 1. 


. Manual containing full suaigpesing design 
‘ormation for welded structures. 
J. H. Williams & Company 
Buffalo 7, New York 
G. D. Peters Company 
Montreal 2, Canada 
Canadian Representative 


SPECIALIZING IN “BETTER-BUILT” 


WELDING & SAFET} 


SEND FOR YOUR 
FREE COPY NOW! 


BECKER BROTHERS CARBON CO. 


3450 SOUTH 52nd AVE. CICERO 50, ILL. 


cor 
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Raco Type SA 

Semi Automatic Welding Unit with 
reel and carriage to feed Type A 
heavily coated shielded arc wire. 
Capacity up to %" wire. 


TYPE 4R AUTOMATIC HEAD 

The most universal welding head on the 
market today. Can be used with all types of auto- 
matic electrodes:—heavily coated shielded arc, 
lightly coated open arc. Also adaptable for sub- 
merged melt welding. 


Can be used with any welding machine 
AC or DC. 


The control is a self-contained unit with 
its own arc contactor for simplified wiring; just 
connect the welding machine cable to the arc 
contactor and plug in the control to the lighting 
circuit. 

The head weighs only 38 pounds, has four 
driven rolls for positive feed without excessive 
wear or damage to wire coatings and 360° rota- 
tion with guide wheel—six mounting positions. 
EXTREMELY SIMPLE CONTROL CIRCUIT 
NO EXPENSIVE ELECTRON TUBES 
NO EXTERNAL EXCITERS 


TYPE S.A. SEMI AUTOMATIC 
WELDING UNIT 


For those numerous jobs that do not war- 
rant a full automatic welding fixture the REID- 
AVERY Type S.A. semi-automatic welding unit 
is ideal, 


Designed to use the same electrodes as 
the full automatic head. The electrode is fed from 
the reel through a flexible tube to the welding gun 
at a rate proportional to the pre-set arc voltage. 
The operator merely guides the arc along the seam. 


Note these advantages:—VISUAL ARC. 
Higher currents and speeds than are possible 
with manual electrodes—no craters in long 
seams—no stub end losses—simplified wiring, 
just connect the welding cables and plug into the 
lighting circuit—large rubber tired casters on 
carriage for portable operation. 


Write For Descriptive Bulletin 


Members of THE AMERICAN WELDING SOCIETY 
market our products exclusively through distributors and agents. ® and THE NATIONAL WELDING SUPPLY ASSOCIATION 


It is the sales policy of The Reid-Avery Company, Inc., to 


NOveEMBER 1950 1021 


HER AUTOMATIC WELDING HEAD 

| | 

REID-AVERY COMPANY 


report of the canvass has been presented 


and accepted. 


XII 


Section 7. National Nominating 
Committee.-Delete the last sentence 
which reads, ‘“This Committee shall also 
canvass the nomination ballots and 
certify the result to the National Secre- 
tary.” 


Upon review of the foregoing recom- 
mendations the Executive Committee 
moved, seconded and voted approval of all 
as submitted. 


Life Membership 


As « result of previous action taken by 
the Board of Directors on granting of life 
membership to Past-Presidents of the 
Soctety, the Constitution and By-Laws 
Committee recommend the following revi- 
sions to the by-laws to comprehend life 
membership for A.W.S. Past-Presidents: 


MemBersnip 


Section 1. Classes of Members. Add 

F—Life Members.” 

Seerion 2. Qualifications and Privi- 
leges. Add “F--Life Members: A Life 
Member shall be (1) one who has served 
as National President of the Society for 
at least one (1) vear; (2) any Member or 
Associate Member who shall have paid 
his dues for thirty-five (35) years, or 
who having paid his dues for thirty (30) 
years and having reached the age of 
sixty-five (65) years, except that the 
number of vears for which dues were 


= 


paid as an Associate Member shall be 
reckoned as nine-tenths (*/1») of their 
number in the above provisions. Life 
Members shall have rights of full mem- 
bership. (Student Membership years 


not included.)” 
Section 3. Corporate Members. Add 
op” 


Articte 1V—Dves anp Frees 


Section 1. Amount of Dues. Add 
“(F) Life Members... . . None.” 

Omit Section 4. Dues. 

Renumber Sections 5, 6 and 7 to 4, 5 
and 6. 


Upon review of the foregoing recom- 
mendations the Executive Committee 
moved, seconded and voted approval 
based upon the following revised text: 


MEMBERSHIP 


Section 1. Classes of Members. 
Add—‘F—Life Members.” 

Section 2. Qualifications and Privi- 
leges. Add “F—Life Members. A Life 
Member shal] be one who has served as 
National President of the Socrery for at 
least one (1) year. Life Members shall 
have rights of full membership. (Stu- 
dent Membership years not included.)” 

Section 3. Corporate Members. Add 


I 


Dues Fees 


Section 1. Amount of Dues. Add— 
“(F) Life Members... . . None.” 
The Constitution and By-Laws Com- 


Articie IV 


47% 


mittee at its meeting on Tuesday, Sept. 19, 
1950, acted as follows: 


1. To recommend to the A.W. 
Board of Directors that the Board make 
a ruling to the effect that “The Board of 
Directors discourage the dissemination 
of electioneering literature regarding 
candidates for National Office except 
that prepared and published by the Na- 
tional Nominating Committee, as pro- 
vided for in the Soctery’s By-Laws, 
and that this statement accompany pub- 
licity submitted by the National Nomi- 
nating Committee both in THe WeLp- 
JourNaL and on the election bal- 
lot.” 


The Executive Committee approved of the 
foregoing recommendations and referred it 
to the Board of Directors for consideration 
and action. 

The Constitution and By-Laws Com- 
mittee at its meeting on Tuesday, Sept. 19, 
1950 acted as follows: 


2. Approved wording for Article 
XVI, “Welding Research,’ of the So- 
cipty’s By-Laws as prepared by Special 
Committee on A.W.S.-W.R.C. Rela- 
tions and as approved by the Board of 
Directors at meeting held on Aug. 29, 
1950. Voted favorably that the revised 
by-law be submitted to the membership- 
at-large for final approval. 

3. Approved wording for Article 
XII, Section 3, ““Membership Commit- 
tee” of the Socrery’s By-Laws as re- 
vised by the Executive Committee of 


The greatest railroad cat building program since 1910 is 
now in the making. CHAMPION WELDING ELECTRODES 
will play an important part in keeping with the present 
day methods of car construction, as CHAMPION VICTOR 
RIVETS played an important part in the switch from 


wood to all steel cars. 


Diesel locomotive builders also find CHAMPION WELDING 
ELECTRODES essential in locomotive construction as were 
VICTOR RIVETS in the building of steam locomotives. 


THE CHAMPION RIVET CO. 


CLEVELAND, OHIO 


East Chicago, Ind. 
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the Society at meeting held on Jan. 24, 
1950. Voted favorably that the revised 
by-law be submitted to the membership- 
at-large for final approval. 

4. Approved wording for Article V, 
Section 2, “Minimum Section Member- 
ship,”’ and Section 6, “Requirements of 
an Active Section,” of the Sociery’s By- 
Laws as revised by the Executive Com- 
mittee of the Socrery at meeting held on 
Jan. 24, 1950. Voted favorably that 
the revised by-law be submitted to the 
membership-at-large for final approval 


Progress Report on Annual Meeting 
"Jans 


The Secretary of the Convention Com- 
mittee, J. G. Magrath, reported that the 
Convention Committee met in Chicago on 
Sept. 15, 1950, and that the plans are pro- 
gressing in gooa order in Chicago under 
the general direction of Homer Morrison, 
Chairman, and E. P. Auler, Vice-Chair- 
man, at Chicago. The Chicago subcom- 
mittee groups are well organized and pro- 
ceeding in proper timing with their func- 
tions. The Secretary submitted a rec- 
ommendation made by William Sprara- 
gen, JourRNAL Editor that all registering 
nonmembers at our Annual Meeting be 
presented a slip entitling them to $1.00 
credit against their purchase of A.W.S 
membership providing that their applica- 
tion was received at National Headquar- 
ters within thirty (30) days from closing 
date (October 27th) of the National Meet- 
ing. It was moved, seconded and voted 
approval of this recommendation and the 
Secretary was directed to institute the 
necessary procedure. 


Headquarters Housing 


R. 8S. Donald, Chairman of the Head- 
quarters Housing Committee, reported 
that he and the Soctery’s Secretary had 
examined a number of houses in the New 
York City Murray Hill and near-by area 
for the purpose of A.W.S. housing its 
headquarters in its own property and ef- 
fecting housing cost savings. To date but 
one property was disclosed which has 
possibilities, a property at 238 FE. 62nd St., 
reported to be available at around $45,000 
cash price. Detailed exploration is to be 
made within several days for assurance 
that the property has ample floor area for 
A.W.8. present and near future expansion 


needs. The general discussion by the onded and voted that the proposal for ex- Because of the im y 
Executive Committee was to the effect tension of T.A.C. activities, which included above message this 


that all possible angles should be explored 
carefully, such as added costs of mainte- 
nance, heating, light and power, caretak- 
ing, telephone service, repairs, insurance, 


depreciation, loss of interest on moneys 
appropriated for purchase, interest charge 
on loans negotiated for purchase, trans- 
portation convenience and other facilities 
ahd services now enjoyed by A.W.S. under 
its present housing arrangements. The 
Headquarters Housing Committee was 
asked to prepare and present a proposed 
plan for financing of this project. 


Correspondence Welding Course 


The Secretary reported that R. M. 
Gooderham, Managing Director of the 
Canadian Welding Bureau and proposer 
of an A.W.S. Correspondence Welding 
Course modeled on the pattern of the re- 
portedly successful Canadian We'ding 
Bureau Correspondence Welding Course, 
met with O. B. J. Fraser, President, R. 8. 
Donald, Treasurer, Holloway, A.W.S 
Legal Counsel and J. G. Magrath, Secre- 
tary, on Sept. 12, 1950, in New York City 
It was pointed out to Mr. Gooderham by 
Mr. Holloway that Mr. Gooderham’s 
proposed agreement did not afford the 
Society sufficient protection in case of 
cessation of Mr. Gooderham’s interest or 
participation in the activity. Mr. Good- 
erham suggested that Mr. Holloway re- 
write the agreement with those provisions 
he felt necessary for the Soctery’s protee- 
tion. Mr. Gooderham stated that the 
present international situation, one of 
neither full peacetime or full wartime ac- 
tivity, was resulting in much industrial 
uncertainty. Manv large American in- 
dustries are uncertain, as of today, what 
will be their activity six months from now 
and shall they be able to secure materials 
to pursue their present activity. Hence he 
feels that we should delay introduction of 
the course at this time. He suggests de- 
ferment of action for a period of several 
months until events have indicated the 
path of American industrial activity. He 
believes, that the cited uncertainty, on 
both individuals’ and industries’ parts, 
would result in lack of acceptance of a cor- 
respondence welding course at this time 
Further action, other than preparation of 
revised proposed agreement, is deferred for 
approximately two months, 


T.A.C. Recommendations for 
Enlargement of Technical Activities 


The Executive Commitee moved, sec- 


the engagement of an assistant for the 
Technical Secretary, be brought before the 
next Board of Directors Meeting at the 
joint 1949-50 and 1950-51 Board of Diree- 


tors Meeting in Chicago on Thursday, Oct 
26, 1950; the 1949-50 Board Members 
to review the 
recommend action to the 1950-51 Board 


proposals and to 


Members at the same joint meeting 

The Executive Committee moved, sec- 
onded and voted that the Technical Activi- 
ties and the Finance Committees should 
appoint representatives of eac h committee 
to a joint special committee whose scope 
would be the devising of a program de- 
signed to secure funds from industry for 
supporting Technical Activities; program 
to be similar to that conducted by the So- 
ciety of Automotive Engineers and other 
comparable fund-seeking programs by en- 
gineering Societies 


For the sake of your children, 
buy and use Christmas Seals. 

Thanks to Seals, children today 
have a far greater chance of es- 
caping TB than you did 

To give them a still better 
chance, send your contribution 
today, please. 


Seals 


American Welding Society 


DO YOU DISPLAY YOUR A.W.S. CERTIFICATE? 


Our Certificate certifies your Membership and signifies that you are contributing to advanc- 
ing the Science and Art of Welding by active participation in the American Welding Society. 


For those who have not received their A.W.S. Membership Certificate, we can supply such on order with your name 


engrossed thereon and signed by the Society's President and Secretary. Order through National Headquarters, 33 
West 39th St. N.Y. C. Price $1.00. (Money Order or check) 
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yours ma 
new | curate... reliable . complete! 


free! To assist you in your re-tooling problems . . . or to 
Send for your copy today! a help you analyze your present welding methods so that 
= you may enjoy maximum speed, efficiency, and 

economy in many of YOUR production problems, 

EUTECTIC offers — FREE of charge and without 

obligation — this new, packed-full-ofinformation book! 


OVER PAGES + PROFUSELY ILLUSTRATED 


Over 40 pages of helpful data covering basic and 
advanced welding techniques and designs used in 
fabricating and assembly. Profusely illustrated with 
scores of application drawings, weld diagrams, 
how-to-do-it sketches, etc. In addition, you will 
find page after page of tables containing 

latest information on melting temperatures, 
tensile strengths, corrosion factors, nomenclature, 
alloy recommendations, etc. Convenient digest size. 


freer) —— 
Arc Joining; Induction Joining; 


This just-off-the-press book is “must” reading for anyone 

* Recommendations of Types of Joint and 

an “pare * Design Information: engaged in defense production and design, and will certainly 
jvare Joint; Lap Joint; 

Flange Joint; Sevaled Butt Joints be time profitably spent for any production man. 

Fillet Weld; Overlay * Fluxing and 

Removal of Flux * Inspection and Control 

* Heat-treating of Welded Parts, and 


Welding of Heat-treated Parts. 


SCORES MORE... INCLUDING 
sketches and date on welding alloys 
for use with: cast iron, all steels, 
stainless steel, copper, brass, 
bronze, nickel ahd its alloys, 
magnesium, aluminum, hard ond 
machinable overlays, etc., etc., etc.! 


MAIL THIS COUPON NOW! 
SS 


EUTECTIC WELDING ALLOYS CORPORATION 
40 Worth Street, New York 13, N. Y. 
This new manual of yours sounds like a very helpful book. 


Send me a FREE copy with the understanding that there 
will be no cost or obligation now or later. 


N 
3 


| 


HOW 10 years of EUTECTIC’S continuing welding research have 
evolved radically new metal joining techniques and designs. 


WHY over 67,000 plants throughout America specify 
genuine “EUTECTIC” for all their welding alloy needs. 


WHICH of your present designs can be altered to 
take advantage of these new production methods. 


SEND 
NO MONEY 


EUTECTIC 


WELDING ALLOY 


EUTECTIC WELDING 
ALLOYS CORPORATION 


40 WORTH ST. NEW YORK 13, N.Y. 
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Nondestructive Testing 


The Society for Non-Destructive Test- 
ing held its technical meetings at the 
Morrisen Hotel, Chicago, Il., Oct. 24, 25 
and 26 1950. The Society is one of the four 
technical societies which sponsor the 
National Metals Congress 

The program was made up of papers on a 
wide. variety of nondestructive testing 
subjects presented by recognized author- 
ities in their fields. Emphasis was being 
placed on the latest techniques, including 
the use ef Radio-Isotopes, ultrasonic and 
magnetic testing methods. Two papers 
were of special interest to members of 
the Society. These are: 

“Magnetic Particle Inspection of 
Welded Pipe and Tubing,” J. E. Clarke, 
V.-P. Research; R. A. Peterson, T. Dun- 
sheath, Research Engineers, Magnaflux 
Corp., Chicago. 

“Symposium on Magnetic Particle 
Testing,” Wm. C. Hitt, Chairman, Asst 
Chief Inspector, Douglas Aircraft Co., 
Santa Monica, Calif.; M. B. Hoffman, 
Methods Engineer, Sawbrook Steel Cast- 
ings Co., Lockland, Ohio; A. C. Rich- 
mond, Gen Supt., Inspection Methods Re- 
search, International Harvester Co., Chi- 
eago, Ill.; and Charles Ziegler, Chief In- 
spector, Marion Power Shovel Co., Mar- 
ion, Ohio. 


Resistance Welder Sales 
Continue to Climb 


Statistics compiled by the Resistance 
Welder Manufacturers Association based 
on reports from all of its members show 
that the sales of resistance welding ma- 
chines continue to soar. Net orders re- 
received during the first seven months of 
this year as compared to the same period 
in 1949 show a jump of 69°73. 


International Welding Congress 


The International Institute of Welding 
in collaboration with its British member 
societies, is organizing an International 
Welding Congress in London and Oxford, 
July 14-21, 1951. ’ 

Attendance at the Congress is not re- 
stricted to members of the Governing 
Council 

Copies of the provisional program and 
enrollment form may be obtained through 
the International Institute of Welding, 
2, Buckingham Palace Gardens, London, 
S.W.1, England. 

Enrollment closes December 31st. 

Any member desiring to submit a paper 
on one of the following two subjects 18 
requested to notily the office of the 
AMERICAN WELDING Socrety: “Welding 
of Bridges and Structures”; “Welding 
of the Wrought Light Alloys.” 
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R.W.M.A. Continues Research 
Contributions 


4 further contribution to the Welding 
Research Council has just been made by 
Welder Manufacturers 
Association to continue a projection weld- 


the tesistance 


ing research program at R, P. I. 


Welding Instruction for 
Defense Employees 


Another important step in its “Welding 
for Defense’ program was made by 
Eutectic Welding Alloys Corp. of New 
York when it was announced that en- 
rollment in the Eutectic Welding In- 
stitute, at the company’s plant in Flush- 
ing, Long Island, is being extended with- 
out charge to employees of Government 
agencies and to members of the Armed 
Services, 

The next class at The Eutectic Welding 
Institute is scheduled to open early in 
October. Inquires regarding enrollment 
and instruction should be directed to the 
Technical Information Service, Eutectic 
Welding Alloys Corp., 40 Worth St., 
New York 13, N. Y 


$25,000 Awards: Agriculture 


Award and Scholarship Program 


Farm mechanization, and with it farm 
are welding, is rapidly reaching into all 
corners of the United States if the recently 
announced results of the Lincoln Are 
Welding Foundation’s Agricultural Award 
Program can be taken as an indication 

The 141 awards totaling $20,000 given 
to farmers, county agents, teachers and 
other agricultural leaders went to men and 
women in 43 out of the 48 states, The 
program offered awards ranging from $50 
to $1755 for the best descriptions of how 
are welding is used on the farm to improve 
farming methods. Men and women in al! 
types of farming activities described the 
are welded repair or construction of farm 
machinery or structures, 

In honor of the top ten award winners in 
each Division of the program, s¢ holarship 
funds totaling $5000 have also been given 
by the Foundation to the colleges of agri- 
culture in the states in which they reside. 
The unds will be used by the colleges to 
grant scholarships in the names of the 
:ward winners. 

The $1500 first award in Division I of the 
program for farmers went to Armin and 
Kenneth Garver of Youngstown and Po- 
land, Ohio, who with their father farm 300 
acres of land, raising grain, poultry, berries 
and popcorn 

The $1755 first award in Division II for 
agricultural leaders was given to Profes- 
sors Albert Mowery and David McClay of 


News of the Industry 


the Pennsylvania State College. They 
are professors of agricultural engineering 
and agricultural education, respectively 

The second award of $1000 in Division I 
was awarded to Klgar Schroeder of Morris- 
sonville, Wis 
award in the 1946 First Agricultural Award 
Program, operates a 130-acre farm with his 
father raising beef cattle, hogs and poultry. 
They raise their own feed on a well mecha- 
nized basis 

Kenneth Imig of Watseka, IIl., farm ad- 
viser for [roquois County, took the sec ond 
award of $1170 in Division II for his paper 
describing how farmers in his county have 
repaired and made useful farm machinery. 

The awards for Division II were slightly 
larger than those for Division I since the 
Jurys of Award vacated several awards in 
Division II and the full $10,000 was ap- 
portioned among those receiving awards 

According to Dr. E. E. Dreese, Head of 
the Department of Electrical Engineering 
at The Ohio State University and Chair- 
man of the Jury of Award 

“An index of the descriptions of farm- 
made projects entered in this program 
reads like a farm machine and tool catalog 
Everything from 8-tined pitch forks to 
The wide 
variety of projects submitted in the com- 


Schroeder, who won first 


peanut harvesters are described 


petition not only indicates the extent to 
which modern larming has hecome mech- 
anized, but also proves that the American 
farmer’s ingenuity is equal to any task he 
It is this ingenuity that 
keeps agriculture in pace with industry in 


sets for himself 


the constant effort to become more ef- 
ficient and arc welding is the means by 
which many farmers are able to exercise 
that ingenuity. 

This program ts the second which the 
Lincoln 
stimulate the study of how the industrial 


Foundation has sponsored to 
process of are welding « mtribute to 
the advance of the science of farming 
The Jury of Award, headed by Dr. E. E 
Dreese of The Ohio State University, con- 
sisted of 
EE. W. Schroeder, Head, Agricultural En- 
gineering, Oklahoma A. & M, College. 
J. Morford, Professor, Agricultural 
Engineering, lowa State College 
J. W. Martin, Head, Agricultural Engi- 
neering, University of Idaho 
\ H. Hollenberg, Specialist 
tural | 


Agricul- 
xtension Service, U. 8. Office of 
educatior 

le Engler, Head 
neering, University of Arkansas 


H. H. DeLong, He Agricultural En- 


gineering, South ik i State Col- 


Agricultural Engi- 


lege 
irl = Albrecht Assistant 
Agricultural Engineering 
State Universit 

¢ French, Head, 
Agricultura! Engineering, Cornell Uni- 
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C. E. Wilson, President, General 
Motors, Receives A.S.M. Medal 
for the Advancement of Research 


Charles E. Wilson, President, General 
Motors Corp., received the American 
Society for Metal’s 1950 Medal for the 
Advancement of Research during the 32nd 
Annual National Metal Congress and Ex- 
position in Chicago, Oetober 23-27. Mr. 
Wilson was the eighth distinguished 
scientist-industrialist to receive the honor, 
established in 1943 to recognize the indus- 
trial executive who, over a period of years, 
has consistently sponsored metallurgical 
research or development and, by his fore- 
psicht and his influence in making avail- 
Fable financial support, has helped substan- 

tially to advance the arts and sciences re- 
to metals, 

Award of the medal, plaque and citation 
Pwere made at the annual banquet of the 

American Society for Metals in the Grand 
‘Ballroom of the Palmer House, Chicago, 
) Thursday evening, Oct. 26, 1950. 

The seven previous recipients of the Re- 
Ee. Medal are: Roy A. Hunt, President, 
>Aluminum Co. of America, 1943; Robert 
< Stanley, President, International Nickel 

Co., 1944; Gerard Swope, General Elec- 
trie Co., 1945; Dr. Rufus E. Zimmerman, 
Vice-President, United States Steel Corp., 
1946; Charles R. Hook, President, The 
Armco Corp., 1947; W. H. Dow, Presi- 
dent, Dow Chemical Co., 1948; Fred H. 
Haggerson, President, Union Carbide and 
Carbon Corp., 1949. 


Wendell Hess Wins Miller Medal 


The Jury of Awards has selected Dr. 
Wendell F. Hess of Rensselaer Polytechnic 
Institute as the recipient of the 1949 
Samuel Wylie Miller Memorial Medal 
and Certificate. Dr. Hess is well known 
to the members of the American Wexp- 
inc Soctrery. He is a relatively young 
man to have won so many awards and 
designations as he was born on Jan. 1, 
1008 

Dr. Hess served the Soctery long and 
well, He became an Associate Member 
in 1929, a Member in 1938 and was made 
an Honorary Member in 1948. He was 
Chairman, Northern New York Section 
District Vice-President, New York and 
New England; National 2nd  Vice- 
President, 1944-45; National President, 
145-46; Member of Board of Directors 
144 to 1949 

Dr. Hess is a member of many other 
societies including the Electrical Engineers, 
Mining and Metallurgical Engineers, 
A.8.T.M., A.S.M., A.S.E.E. and the 
Franklin Institute 

Most of Dr. Hess's professional experi- 
ence relates to R.P.I! He served as in- 
structor in Electrical Engineering from 
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1928-30. For the next seven years he 
served as Assistant Professor of Elec- 
trical Engineering and Physics. In 1937 
he switched over and became Assistant 
Professor in Metallurgy and Engineering 
at R.P.I. He rose to Associate Pro- 
fessorship and Head of the Welding 
Laboratory in 1938. He was made a 
full Professor in 1945. In 1947 he was 
made Head of the Department of Metal- 
lurgical Engineering, a position which he 
still holds. In addition to the Miller 
Medal Dr. Hess has won the following 
awards: 1944 Lincoln Gold Medal; 
University Award of the Resistance 
Welder Manufacturers Association 1944, 
1945, 1946, 1947 and first and second 
prizes 1948; 1945 American Iron and 
Steel Institute Medal and the 1948 
John Price Wetherill Medal of the Franklin 
Institute. 


L. H. Carr Named Head of 
Engineering and Research 


Laurence H. Carr has been named direc- 
tor of engineering and research for Edward 
Valves, Ine., East Chicago, Ind. 

Mr. Carr has been a member of the 
Edward technical staff since 1936. He 
was previously chief metallurgist. In his 
new position he will be responsible for con- 
solidating the development functions of 
engineering research, product engineering 
and technological specifications for proc- 
ess control, 

A graduate of the University of Chicago, 
Mr. Carr is a member of the American 
Society of Mechanical Engineers, Ameri- 
ean Society for Metals, American In- 
stitute of Mining and Metallurgical 
Enginecrs, AMERICAN WELDING Soctety 
and American Foundryman’s Society. 

An authority on metals for high-pres- 
sure and high-temperature service, he 
has been an active member of such speci- 
fication and standardization groups as the 
American Society for Testing Materials, 
American Standards Association and the 
American Petroleum Institute. He is also 
known as an authority on the character- 
istics of flow through piping. 

Mr. Carr is a resident of Homewood, 


Il. 


Avery Wins Lincoln Gold Medal 


The Committee on Awards selected the 
paper on “Hot Hardness of Hard-Facing 
Alloys,” by Howard 8. Avery, American 
Brade Shoe Co., Mahwah, N. J., pub- 


lished in the July 1950 issue of Tue 
JouRNAL, as the paper repre- 
senting the greatest contribution to the 
advancement and the use of welding for 
the vear 1950. Mr. Avery thus becomes 
the recipient of the 1950 Lincoln Gold 
Medal Award 


Personnel 


Howard 8. Avery was born in Canon 


City, Colerado, in 1906. Moving to 
Virginia at the age of eleven, he went 
through high school in Roanoke and 
college at Virginia Polytechnic Institute. 
In 1927 he received a B.S. degree and 
returned to Virginia Tech to hold a 
teaching fellowship the following year 
while taking postgraduate work. In 
1928 he received an Engineer of Mines 
degree with honors. 


Howard S. Avery 


Following several years of mining 
engineering and geology in Mexico, steel 
mill experience and teaching, he joined 
the newly organized Metallurgical Depart- 
ment of the American Brake Shoe Co. 
in 1934. Since then he has been identi- 
fied with this company’s research in 
various aspects of industrial wear. 

He married Louise Steele of Roanoke, 
Va., in 1931. They are raising a family 
of four children. Nonprofessional activ- 
ities include supervising a junior rifle 
club and training Boy Scout leaders 

Heat- and wear-resistant alloys have 
engaged a large share of his attention 
His efforts to define the engineering 
properties of the most important industrial 
cast heat resistant alloys are reflected 
in a series of technical publications. For 
vears he has been a member of the Alloy 
Casting Institute Technical Research 
Committee, which guides cooperative 
research of the alloy casting industry, 
and from 1947 to 1948 was Chairman. 

Abrasion testing and the relative per- 
formance of the many alloys used to 
resist wear, from very tough austenitic 
manganese steel to the very hard mar- 
tensitic irons, have been fields of con- 
tinual study. This has naturally ‘involved 
their use as welded overlays, which 
has received increasing attention because 
of his faith in the potential value of the 
hard-facing technique to industry. As 
research metallurgist for the American 
Brake Shoe Co. he is now actively planning 
and supervising research in this area. 

Professional society affiliations include 
the AmeRIcCAN Sociery, The 
American Society for Metals, The Metal 
Science Club, The American Institute 
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of Mining and Metallurgical Engineers 
and the British Iron and Steel Institute. 
He has served on various specification, 
program and educational committees; 
is currently on the A.S.M. Handbook 
Committee and the Welding Research 
Council High Alloy Committee. He 
contributed to the 1950 Welding Hand- 
book and is now Chairman of the A.W.S. 
Filler Metal subcommittee on Hard- 
Facing Alloys. 


Biographical Sketches— 
R.W.M.A. Prize Winners 


Joseph W. Kehoe 


Joseph W. Kehoe, winner of the first 
prize of $750 for the best paper from an in- 
dustrial source in the 1950 Resistance 
Welder Mfgrs. Assn. Contest, is Section 
Engineer in charge of the Metals Joining 
Section of the Headquarters Mfg. Eng. 
Dept., Westinghouse Electric Corp. He 
was born in Conshohocken, Pa., and is a 
graduate of Villanova College, Class of 
1934, with a B.S. Degree in Electrical 

ngineering. He isa member of the Board 

Governors of his Alma Mater and is also 

esident of the Pittsburgh Villanova 

jumni Club. 


Joseph W. Kehoe 


Mr. Kehoe joined the Westinghouse 
Electric Corp. as an electrical tester in 
June 1936. His interest in welding 
brought him into the Headquarters Mfg. 
Eng. Dept. in 1939, where he quickly be- 
came associated with metals joining ac- 
tivities, specializing in resistance welding 
development work. This department is 
the central metals joining development 
agency of the Westinghouse Corp., and its 
welding laboratory is located in the East 
Pittsburgh Works. Mr. Kehoe is also 
Chairman of the Metals Joining Commit- 
tee of the Corp 

Several resistance welding articles have 
been written by Mr. Kehoe but this is the 
first entry in the Annual Resistance 
Welder Mfgrs. Assn. Contest. He also 
holds a patent on projection welding. 


Mr. Kehoe is a member of the Pitts- 
burgh Section of both the American 
WE LpING Society and the American In- 
stitute of Electrical Engineers. He is also 
a member of Toastmasters International, 
Club 144, Pittsburgh, Pa. ’ 


Axel O. Bergholm 


Mr. Bergholm received his B.S. in 
Civil Engineering in 1927 from Pennsyl- 
vania State College and had one year of 
postgraduate study in structures and 
mathematics at M.I.T. 

For seven years as a Research Engineer 
at The Franklin Institute Laboratories for 
Research and Development, Mr. Berg- 
holm has worked on the analysis and de- 
sign of numerous artillery weapons. 
Various industrial projects were worked 
on, such as structural testing, photoelastic 
problems, dynamic analysis of test data of 
machines and design of machines. 

Mr. Bergholm was a test engineer at 
The Budd Co. for five years. He was re- 
sponsible for stress analysis and planning, 
supervision and construction of static 
test equipment for testing stainless steel 
wing for a P-35 airplane. He planned and 
supervised design of test equipment for a 
railear test plant and supervised the 
structural testing of numerous railcars. 
He also planned and tested structural 
components of the B-1 and B-36 air- 
planes. 

Mr. Bergholm was Research Assistant 
to Professor G. E. Beggs of Princeton 
University for one year. This work in- 
cluded the design, construction and testing 
of a stainless steel] model of a floating dry 
dock for the U. 8. Navy to verify the de- 
sign and analysis of the 1200-ft. prototype. 

In addition to the above, Mr. Berg- 
holm’s engineering experience includes the 
following: 

,Construction Engineer for the Tri- 
borough Bridge Authority of New York 
for one year, in charge of construction of 
anchorages, steel erection and road con- 
struction of a suspension bridge over Hell 
Gate in New York Harbor. 


Axel O. Bergholm 


Personnel 


Consulting Engineer for the Republic of 
Haiti for one year on design of the tower 
foundations and anchorages of a suspen- 
sion bridge including supervision of con- 
struction of the entire bridge. This bridge 
was built over the Guauamouc River in the 
interior of Haiti. 

Junior Engineer for the Port of New 
York Authority for three years, in which 
capacity he worked on the construction of 
the George Washington Bridge as engineer 
in charge of steel construction, concrete 
construction of foundations and roads, 
construction surveys, triangulation sur- 
veys, cable construction and cable calcula- 
tions. He also designed, constructed and 
experimented with an elastic mode! of the 
bridge to determine deflection for various 
methods of erection. 

Research Assistant for the Port of New 
York Authority for one year performing 
mechanical analysis of sand and gravel, 
organic tests of sand, physical and chem- 
ical tests of cement, research in the pro- 
portioning of concrete mixes from which 
water-cement ratio curves and fineness 
modulus curves were developed, physical 
testing of paint, steel, cable, structural 
columns and conerete. He designed a 
physical testing laboratory including ce- 
ment, concrete and chemical laboratories, 
machine shop and constant temperature 
and humidity rooms. 

Mr. Bergholm is a Registered Profes- 
sional Engineer in Pennsylvania and New 
York and is now Senior Research Engi- 
neer, Engineering Mechanics Section, 
Franklin Institute. 

He is a member of the honorary society 
Tau Beta Pi. He is one of the co-authors 
of the second prize winning paper in the 


R.W.M.A. prize contest from an industrial 
source. 


Paul W. Swartz 


Mr. Swartz, Research Engineer, Me- 
chanical Engineering Section Franklin 
Institute, received his B.S. degree in Me- 
chanical Engineering in 1945 from M.1.T. 

For four years, Mr. Swartz has been 
employed in The Franklin Institute 
Laboratories for Research and Develop- 


Paul W. Swarts 
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ment in the capacity of Technical Assist- 
ant and Research Engineer on various in- 
dustrial projects, mainly in the role of ex- 
perimental stress analyst using photo- 
elastic methods, brittle lacquers, elec- 
trical strain gages, and visual flow investi- 
gations. Experimental tests on com- 
mercial products and methods have also 
been performed. He has also worked on 
the analysis and design of artillery 
weapons 

Mr. Swartz spent three years in the 
United States Navy and was released from 
active duty with the commission of En- 
sign. He performed duties as Deck Officer 
and Assistant First Lieutenant aboard the 
U.S.S. Botetourt. He is now a member of a 
naval research unit under the authority of 
the Office of Naval Research. 

Mr. Swartz is a member of the Society 
for Experimental Stress Analysis and is 
one of the co-authors of the second prize 
winning paper in the R.W.M.A. prize con- 
test from an industrial source. 


George S. Hoell 


George 8S. Hoell, Consultant, The 
Franklin Institute Laboratories for Re- 
search and Development was born in 
Skien, Norway, Nov. 6, 1878. He re- 
ceived his technical education at the 
Trondheim Technical College (Norway), a 
four-year course in Mechanical Engi- 
neering. After about two years of machine 
shop training and drafting room experience 
in a shipyard in Norway, he came to 
Philadelphia in 1902. Following two years 
at Midvale Steel Co. and three years as 
chief draftsman at the George V. Cresson 
Co., he entered into a business with a 
friend and after a short time specialized in 
the design and construction of hydraulic 
dredging machinery. He disposed of his 
interests in this venture after 11 years, and 
at the outset of World War I was one of the 
organizers of the Pennsylvania Shipbuild- 
ing Co. with yards at Gloucester, N. J. 
He served as that company’s treasurer 
and secretary for two years, until it was 
amalgamated with the Pusey & Jones Co 

He organized the Gloucester City Trust 


George S. Hoell 
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Co. as an aid in handling the payroll of the 
shipyard and served as the Trust Com- 
pany’s president the first year. 

After serving four years as mechanical 
engineer and later as consultant for the 
Pennsylvania Crusher Co., Mr. Hoell was 
incapacitated by illness for nearly three 
years. He then took on private consulta- 
tion work, following which he entered the 
Budd Mfg. Co. as a machine designer. 
From there he was called to The Franklin 
Institute to serve in the Civil Service as an 
Ordnance Engineer in the employ of the 
U. 8. Ordnance Department, later as chief 
engineer of the Artillery Development 
Suboffice located at The Franklin Insti- 
tute, and received the War Department’s 
“Commendation for Meritorious Civilian 
Service” for his performance in that 
position 

Mr. Hoell is a member of the American 
Society of Mechanical Engineers and The 
Franklin Institute, and is a registered pro- 
fessional engineer. 

Mr. Hoell is married to the former Lilly 
Clason of Porsgrunn, Norway, has three 
daughters, two sons, and eight grand- 
children. He lives at 449 W. Bringhurst 
St., Germantown, Philadelphia, Pa. Mr. 
Hoell is co-author of the paper winning 
second prize in the R.W.M.A. contest for 
best papers from an industrial source. 


I. S. Goodman 


I. 8S. Goodman winner of the third prize 
from an industrial source in the R.W.M.A. 
prize contest is Welding Engineer, Chemi- 
cal and Metallurgic al Engineering Dept 
Lamp Division, Westinghouse Electric 
Corp Bloomfield, N. J 


I. S. Goodman 


He resides at 72 Branch Brook Drive, 
Belleville, N J 

Mr. Goodman was born Sept. 17, 1919 
in New York City. He obtained his B.S 
degree in phy sics from City College of New 
York (1939), his M.S. (physics & educa- 
tion) City College (1941). He undertook 
further graduate work in metallurgy at 
Stevens Institute of Technology. 

Mr. Goodman is author of several papers 
and technical articles on metal joining 


Personnel 


techniques. He is instructor for Westing- 
house Graduate School program on ‘‘The- 
ory and Practice of Metal Joining.”’ 

Mr. Goodman is a Member of the 
AMERICAN WELDING Sociery, American 
Physical Society, American Society for 
Metals and American Institute of Mining 
and Metallurgical Engineers. 


| | Professor Georges Welter 


Since 1941, Professor Georges Welter 
has been connected with the Ecole Poly- 
technique, affiliated with the University of 
Montreal, where he has developed two new 
well-equipped research laboratories for 
Metallography and Testing of Materials. 


Prof. Georges Welter 


In 1947, he won the first prize in the in- 
ternational contest ‘Design for Progress” 
of the James F. Lincoln Are Welding 
Foundation Division Research and 
Education in College or University. This 
work has been published in the July 1948 
Research Supplement of the AMERICAN 
WeLpiInG JouRNAL. Besides the score of 
other scientific publications, he has 
worked, during the last few vears, on the 
amelioration of spot welds, new methods 
for testing specimens un ler balanced tri- 
axial tests and for testing steel vessels 
under very high hydraulic, static and dy- 
namic pressure \ paper on his spot weld- 
ing research won the first prize for the 


University Awards 


William Bennett Kouwenhoven 


William Bennett 
ceived his Bachelor of Engineering degree 
from Brooklyn Polytechnic Institute in 
1906 and his Master’s degree a year later. 
He then attended the Karlsruhe Tech. 
nische Hochschule in Baden, Germany, 
from which he was graduated with the de- 
grees of Diplom Ingenieur and Doktor 
Ingenieur In 1914 -he obtained an in- 
struc torship at The Johns Hopkins Uni- 
versity in Baltimore, and since 1930 he has 
been Professor of Electrical Engineering 
and Dean of the Sehool of Engineering. 
Dr. Kouwenhoven is a member of the 
AMERICAN WeLDING Society, American 


Kouwenhoven re- 
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Note unusual absence of spatter along uncleaned portion 
of this typical weld made with the new Sureweld "G". 
Nete smooth finish of bead where slag has been removed. 


new Sareweld 


(AWS E6012) ELECTRODE 


is new general-use electrode is winning popularity for 
welds that are smooth, clean and good-looking. Abso- 
lutely odorless, the Sureweld ““G” gives more inches of 
bead per rod, and is ideal for “‘stretching it out” . . . Give 
it a try, and you too will prefer it for all-position, general 
purpose welding. (Many users now choose Sureweld ““G” 
in preference to the more expensive E6013 rods.) 


1. Cleans easier. 

2. Adaptable to “drag” technique. 

3. “Spray-type” metal transfer (not globular”) 
for smooth-looking welds. 

4. More inches of bead per rod. 

5. Less spatter than any other rod in the 
£6012 Class. 


6. Smooth arc-action and easy handling 
insure instant “welder appeal”. 


Sureweld"FD” Electrode Most other “Hot Rods” 


new Sareweld “ep” 


(AWS E6020) ELECTRODE 


For highest quality deep groove and horizontal fillet 
welds, the new Sureweld ““FD” is the answer. It’s the 
fastest “‘downhand rod” in the business, as one trial will 
quickly prove. The coating will not break down under 
abusive heats, and you can get sound welds from the 
shortest stub you can hold. For best results in flat posi- 
tion welding, try the new Sureweld “FD”. 


1. Excellent cleaning properties. 
2. Absence of spatter. 
3. Bead appearance is almost ripple-free. 


4. No excess fluidity, no undercutting. 
Fillet welds have legs of equal length. 


5. Wash-back of arc-stream is so spaced 
that the bead is always covered with 
slag of uniform distribution and density. 


6. Takes unusually high heats. 
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FREE 


MACHINING _» 


HIGH 
CARBON 


Excellent fusion of hard-to-weld metals is 
shown in this macrograph of a typical weld 
made with the new Sureweld "7016" electrode. 


LOW-HYDROGEN 


new Sareweld 7016" 


(AWS E7016) ELECTRODE 


Because it produces welds of minimum hydrogen content, 
Sureweld “7016” has proved without equal for welding 
free-machining types of steel, the air-hardening types with 
an alloy content or high carbon, and other hard-to-weld 
steels. There is absolutely mo underbead cracking, and 
welds made with ‘*7016” have beads that feather equi-dis- 
tantly from the joint. (‘7016” is replacing the more ex- 
pensive stainless steel types.) 
1. No cracking, even with the hardest-to-weld 
steels, when properly used. 
2. Welds contain less hydrogen by fes?. 
3. No excess fluidity. Bead is symmetrical. 
Average welders become experts when 
they use "7016". 
4. High deposition rate saves working time. 
5. High efficiency—more pounds of weld metal 
per pound of electrode—saves money. 
6. "Welder appeal” results from soft arc, low 
spatter and easier starting. 


Impact strength—proved greater in Charpy tests 
ct temperature readings as low as 100°F. 
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Designed by NCG, and proved in use, to 
meet three basic welding needs 


Here’s a threesome of new, improved 
welding rods that’s meeting with enthusi- 
asm in shops everywhere. Developed by 
NCG research, and proved in field use, 
these electrodes bring new advantages to 
three important classes of welding. 
Write for the new Sureweld Catalog for 
complete information on these, and other 
performance-proved Sureweld Electrodes. 
Sureweld Electrodes are manufactured 
under the strictest controls in one of the 
world’s most modern electrode manufac- 


turing plants 


® 


NATIONAL CYLINDER GAS COMPANY 


Executive Offices: 
858 North Michigan Avenue, Chicago 11, Illinois 


CLIP AND 


Nationa Gas Co., 858 N. Michigan Ave., Chicago 11, Ill. 
Rush me new Complete Catalog of Sureweld Electrodes. 


Copr. 1960, National Cylinder Gas Co 


MAIL THIS COUPON RIGHT NeW! 
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William B. Kouwenhoven 


Society for Testing Materials, Fellow 
A.LE.E., and other societies. His princi- 
pal endeavors have been in the fields of 
electric shock, welding and measurements. 
Dean Kouwenhoven is one of the co- 
authors of the second prize winning paper 
in the R.W.M.A. prize contest from a 
University source. 


W. T. Sackett, Jr. 


W. T. Sackett, Jr. was born in Xenia, 
Ohio on Jan. 28, 1921. He received the 
degree of Bachelor of Engineering in 
Electrical Engineering in June 1941 from 
the Johns Hopkins University. 

Shortly thereafter he began work at the 
Duquesne Light Co. of Pittsburgh, Pa. 
under the supervision of George B. Dodds. 
In February of 1942 he left to work at the 
Naval Ordnance Laboratory in Washing- 
ton, D. C. on the design of electronic 
equipment, 


W. T. Sackett, Jr. 


A Naval Reserve commission in 1944 led 
to overseas duty in the Pacific area after 
which he resumed work in the VT Fuze 
Division of NOL. 

In the fall of 1947 he was granted leave 
of absence for graduate study at the 
Johns Hopkins University. He also acted 
as Instructor in Electrical Engineering. 
The Resistance Welding Fellowship was 
awarded to him for 1948-50. He received 
the degree of Doctor of Engineering in 
1950. 

He is currently working in the field of 
magnetic materials at Battelle Memorial 
Institute under Dr. R. C. McMaster. 

Mr. Sackett is an associate member of 
the American Institute of Electrical Engi- 
neers and a member of Tau Beta Pi and 
Sigma Xi. He is co-author ofthe second 
prize winning paper in the R.W.M.A 
contest from a University source. 


Keyser Promoted 


At the University of Massachusetts, 
Dean George A. Marston recently an- 
nounced the promotion of Assistant Pro- 
fessor Carl A, Keyser to the rank of As- 
sociate Professor of Metallurgical Engi- 
neering. Professor Keyser received the 
B.S. degree in Chemistry in 1939 from the 
Worcester Polytechnic Institute. This 
was followed in 1941 by receipt of the 
M.S. degree from the same institution, 

Following this, Professor Keyser spent 
five and a half vears in the Navy, and re- 
ceived a B.S. degree in Metallurgical En- 
gineering from the Carnegie Institute of 
Technology in 1946, 

He is in charge of Metallurgy service 
courses for Mechanical and Industrial 
Engineering Majors at the University of 
Massachusetts, and in addition instructs 
in courses dealing with materials engineer- 
ing and testing. 

Prof. Keyser is the Chairman of the 
Western Massachusetts Section of the 
American Socrery, and Tech- 
nical Representative of the same Section. 


OBITUARY 


W. B. Horton 


W. B. Horton, welding engineer for Lin- 
coln Electric in Chicago, IIL, died Sept. 
19th. Mr. Horton, who was 53, started 
with Lincoln in 1929 in Chicago and was 
active in that area until the present engi- 
neering welding applications. Prior to his 
connection with Lincoln, he worked for 
several Chicago concerns, the Bristol Co. 
in Waterbury, Conn., and the Halle Bros. 
Co. in Cleveland. He was a member of 
the American Socrery, and a 
Director of the Abraham Lincoln National 
Republican Club. 


Personnel 


OBITUARY 


Dr. John C. Southard 


Dr. John C. Southard, A.W.S. Sus- 
taining Member, Director of Research for 
Solar Aircraft Co., San Diego, Calif., died 
September 4 at the age of 43. 


Dr. Southard was serving his first year 
on the N.A.C.A. subcommittee on Aircraft 
Structural Materials and was actively as- 
sociated with the A.W.S., A.3S.M., A.L- 
M.E., A.P.S., A.S.T.M., A.C.S. and Elee- 
trochemical Society. Author of 18 tech- 
nical papers, he contributed chapters of 
text and illustrations to the recently pub- 
lished book in the Pitman Metallurgy Se- 
ries, Titanium in Steel. He came to Solar 
in 1946 from the Titanium Alloy Mfg. Co., 
Niagara Falls, N. Y., where he had been 
chief process metallurgist. His Ph.D. in 
Physical Chemistry was from Johns Hop- 
kins University; his B.S. from Baldwin 
Wallace College, Berea, Ohio. 

Born in Willard, Ohio, Sept. 14, 1906, 
Dr. Southard’s residence at the time of 
his death was 4827 Beaumont Road, La 
Mesa, Calif. 


Service Bulletin 


Position Vacant 


V-247. Position Available. Recent en- 
gineering graduate (preferably mechanical ) 
with some practical welding experience to 
coordinate nonferrous welding research, 
development and manufacturing. Loca- 
tion— Middle West. 
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NEW LITERATURE 


Hobart Arc Welding News 


Volume VII, No. 2, “Hobart Are 
Welding News,” a 24-page booklet of 
interesting photographs and articles on 
welding from all over the country, is now 
available. Copies are mailed free of 
charge to anyone interested in are welding. 

Many of the articles feature time- 
and money-saving applications. To get 
your copy, write the Hobart Brothers 
Co., Troy, Ohio. 


Airco Announces New 
Hard-Facing Catalog 


A new hard-facing catalog has been 
announced by Air Reduction Sales Com- 
pany, Division of Air Reduction Co., 
Inc. 

The 20-page, illustrated catalog con- 
tains detailed information on the complete 
Airco line of hard-facing alloys. De- 
scription of product, typical uses, me- 
chanical properties, chemical analyses and 
a brief outline of recommended pro- 
cedures are included. These data are 
further supplemented by allied informa- 
tion such as a tabulation of recommended 
grinding wheels for dressing deposits of 
Airco hard-facing alloys. 

For a free copy of this new catalog, 
write the Airco sales office nearest you, 
or Air Reduction Sales Co., Division of 
Air Reduction Co., Inc., 60 E. 42nd St., 
New York 17, N. Y. 


Handbook on Radiography 


Eldorado Mining & Refining (1944) 
Ltd., P. O. Box 379, Ottawa, Canada, has 
recently completed the compilation of an 
up-to-date manual on the use of radium 
and Cobalt 60 in industrial radiography. 
This manual provides an introduction to 
those interested in industrial radiography 
and valuable information concerning the 
use of penetrating radiations from natu- 
rally occurring and artificially produced ra- 
dioactive materials. For those persons 
interested in exploring the field in greater 
detail, suggestions for further study have 
been included throughout the text and in 
a selected bibliography Among the 
topics covered are Source of Radiation; 
Fundamentals of Radiography such as 
Density, Contrast, Latitude, Speed, 
Screens, Geometric Considerations, E.quip- 
ment, Determination of Exposure Time, 
Applications and Interpretations; a sec- 
tion on Radioactive Isotopes and a Bib- 
liography. This Handbook consists of 71 
pages copiously illustrated. Available 
from Eldorado Mining & Refining, price 
$2.00. 
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Welding News 


Many articles of interest on subjects 
of new fabrications, salvage and repair 
possibilities, safety tools and cold bent 
resistance welding tips are included in the 
third-quarter issue of the “Ampco Welding 
News.” 

Copies of this publication can be ob- 
tained (gratis) by writing Ampco Metal, 
Inc., 1745 S. 38th St., Milwaukee 46, 
Wis. 


Procedure Handbook of Are 
Welding Design and Practice, 
New 9th Edition 


Revised and re-edited, new information 
and data added, including latest welding 
procedures, design data and techniques; 
recognized the world over as the authorita- 
tive source of information on arc-welding 
design and practice; over 1200 pages, 1300 
photographs and drawings; size 6 x 
9 in.; bound in semiflexible, gold em- 
bossed, simulated leather; price $2.00, 
postage prepaid, in the United States; 
$2.50 elsewhere. 

In a new 9th Edition, the Procedure 
Handbook of Arc-Welding Design and 
Practice, published by The Lincoln 
Eleetric Co. of Cleveland, Ohio, has been 
completely reorganized and re-edited to 
bring all information up to date and in- 
clude recent important welding develop- 
ments. New design data has been in- 
cluded to make the Handbook more help- 
ful to designers of welded machines and 
Latest’ procedures are given 
for welding all metals and alloys commonly 
welded with manual open are and hidden 
are welding as well as automatic and semi- 
automatic hidden are welding. 

A completely new chapter on weld- 
ability has been written to present a 
comprehensive survey of this important 
The latest information gathered 


structures, 


subject 
from research projects and recent studies 
gives the facts which have changed welding 
procedures on many types of metals in 
the last few years. 

The section on structural design has 
been enlarged and revised to include more 
information on framing. 
Design techniques developed by leading 


welded rigid 


consulting engineers for recently erected 
structures are included 

The machine design information in the 
Handbook has also been enlarged to in- 
clude more information on the welded 
design ot machine tools This 18 In addi- 
tion to the design data revised for other 
machinery of all classifications. 

A completely new chapter has been 
added to the Handbook on welded design 
data. This chapter presents the funda- 
mentals of welded design for both ma- 
chinery and structures. It gives fundamen- 


New Literature 


tals, such as stress allowables, which can 
be applied to particular design problems. 
This chapter gives a designer the necessary 
tools for approaching any problem he 
may have in designing for welding. 

The new 9th ed. contains over 1200 
pages with more than 1300 illustrations 
in photographs and drawings. 

This book may be purchased through 
the AMERICAN WELDING Sociery. 


Welding for Defense Program 


A program to furnish technical insight 
into Welding for Defense was launched 
recently by Eutectic Welding Alloys 
Corp. of New York with the publication 
of the first in a series of technical manuals 
designed to assist National Jefense agencies 
and contractors in meeting the nation’s 
industrial mobilization requirements. 

The publications, titled “Eutectic Na- 
tional Defense Service Series,’ are being 
produced to provide broader understand- 
ing of important new developments in 
the welding science, with special emphasis 
on their applications to industrial mo- 
bilization for war, and on production and 
maintenance of war matériel. The first 
Manual of the series is titled “Welding 
Engineering and Design. 

Other Manuals scheduled for early 
publication in the Eutectic National 
Defense Service Series include: “Jig 
and Fixture Design,’’ ““Tool and Die 
Salvage,”’ and “Machine Repair, Main- 
tenance and Salvage.” Copies of the 
Manual may be obtained on request and 
without charge from the Technical In- 
formation Service, Eutectic Welding Al- 
loys Corp., 40 Worth St., New York 13, 


Finishes for Aluminum 


$ The 1950 edition of the process manual, 
“Finishes for Aluminum,” has iust been 
published by Reynolds Metals Co., ac- 
cording to D. P. Reynolds, Vice-President 
and Manager, General Sales Division, 
Louisville, Ky 
able without charge to engineers, chemists, 


These books are avail- 
production men and others when re- 
quested on company letterhead 

The new edition is a revision of the book 
first published in 1947. The 1950 edition 
not only supplies basic information on the 
various processes for applying surface fin- 
ishes to aluminum, but also details the 
characteristics of the finishes so produced. 

It includes information on 10 cleaning 
treatments including one for resistance 
welding, 15 mechanical finishes, 16 chem- 
ically produced finishes, 11 electrolytic ox- 
ide finishes, organic finishes and special- 
ized finishes such as luminous paints and 
vitreous enamels A section is also in- 
cluded on controls and tests 

Included for the first time is a guide for 
approximating typical costs of applying 20 
different treatments to aluminum An- 
other new table gives typical finishing 
practices for a wide variet f aluminum 
produc ts to serve as a suggestion when se- 
lecting a finish 

The new 124-page, 6 x 9-in. book con- 
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tains 37 illustrations, 18 tables, a table of 
contents and an itemized cross index. It 
is wire bound to lie flat when opened. 
Also it carries a color-identifying tab on 
the backbone and across the page edges at 
the top of the book. This facilitates iden- 
tifying the book either on a bookshelf or in 
a briefcase 


Modern Arc-Welding Lessons 
A.C. and D.C, 


Modern Arc Welding Lessons A.C. and 
D.C. is a 192-page textbook published 
by Hobart Trade School, Ine. Troy, 
Ohio, Flexible fabricoid cover. 
$1.00 per copy with special prices to 
schools 

This book comprises the second part of 
the new five-part Hobart handbook, 
Electric Arc Welding—Procedure and Prac- 
tice, and contains the complete series of 
40 arc-welding lessons offered at the 
Hobart Trade School. Chapter head- 
ings include: Preliminary Instructions, 
Starting and Manipulating the Are, 
Welding Common Joints with Bare Elee- 
trodes, Welding Light Gage Sheets with 
Coated Electrodes, General Welding with 
Coated Electrodes in the Flat, Horizontal, 
Vertical and Overhead Positions, Pipe 
Welding, Welding Cast Iron and Special 
Practices and Tests 

The text material, following the intro- 
duction and preliminary instructions, is 
divided into welding exercises of gradually 
increasing difficulty. The student is 
taken through the various problems in- 
volved in practical arc welding as rapidly 
as he can master the principles involved. 

A book written in “easy to understand” 
words, giving all the fundamentals of 
are welding, with descriptive pictures, 
charts and diagrams 


Airco Announces New 
Aircomatic Reprint 


A new reprint, “The Aircomatic @ 
Welding Process,”’ has been announced by 
Air Reduction Sales Co., a Division of Air 
teduction Co., Ine 

This 26-page article, which originally 
appeared in THe JOURNAL, 
was written by A. Muller, G. J. Gibson 
and E. H. Roper and discusses the funda- 
mentals of metal-arc transfer in inert 
gas-shielded are welding Methods ol 
overcoming porosity in aluminum welding 
by automatic and manual welding as 
well as stainless steel, heat-resisting alloys, 
clad materials and aluminum bronze are 
Half of the paper is devoted to 
specific applications 

The article is illustrated with 68 photot 
graphs and charts. The text is further 
supplemented with 14 tables of test and 
specification data. 

Copies of this reprint (ADR 66) may 
he obtained without charge by communi- 
cating with your 
office or writing Air Reduction, 60 | 
New York 17, N. ¥ 


covered 


nearest Airco sales 
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Heat Treatment and Properties 
of Iron and Steel 


“Heat Treatment and Properties of 
Iron and Steel,” a new circular just 
released by the National Bureau of 
Standards, presents basic theoretical and 
practical principles involved in the heat 
treatment of ferrous metals. This cir- 
cular, which is now available from the 
Government Printing Office, has been 
prepared in simplified form principally 
to give an understanding of heat treat- 
ment to those unacquainted with the 
subject. 

The effects of various treatments on the 
structural and mechanical properties of 
iron and steel are thoreughly discussed 
although many theoretical aspects and 
technical details have been omitted for 
the sake of simplicity. Subjects pre- 
sented include properties of iron, alloys 
of iron and carbon, decomposition of 
austenite, heat treatment of steels, harden- 
ability, heat treatment of cast iron, 
nomenclature of recommended 
heat treatments, and properties and uses 


steels, 
of steels. A list of selected references is 
also given, and a large number of graphs, 
tables and photographs illustrate the 
text 

Circular 495, “Heat Treatment and 
Properties of [ron and Steel,’’ by Samuel 
J. Rosenberg and Thomas G. Digges, 
33 pages, 25 cents a copy, is available 
from the Superintendent of Documents, 
U. 8. Government Printing Office, Wash- 
ington 25, D. C. Remittances from 
foreign countries should be in United 
States exchange and should include an 
additional sum of one-third the publica- 
tion price to cover mailing costs. 


Silver Brazing Bulletin 


Handy & Harman, 82 Fulton St., New 
York 7, N. Y., has just released a new bul- 
letin covering silver alloy brazing with 
Easy-Flo and Sil-Fos 
facts and data. Tells where and how to 
use these alloys to the best advantage 
Shows many interesting applications, de- 
scribes fast brazing techniques. Tells 
how you can speed up production and 
Write for a free copy to the 
above address 


It is a storehouse of 


save time 


Vew Literatur: 


These men are 
working for you 


C. B. McLAUGHLIN, 
active, fast-thinking 
Manager of Tube Turns’ 
Engineering Service Divi- 
sion, checks important 
design point on new 
application idea 


Enthusiastic, enterpris- 
ing G. A. GAUM, Sales 
Engineer, winds up exten- 
sive field trip with infor- 
mation that may save 
Tube Turns’ customers 
time and money. 


D. R. CHEYNEY, alert, 
ingenious Sales Engineer, 
visits a Tube Turns’ cus- 
tomer with recommen- 
dations on alloy fittings 
designed to whip cor- 
rosion problem. 


Conscientious, analyti- 
cal J. D. TOLLIVER, 
Sales Engineer, goes into 
the field for performance 
date thet can result in 
important contribution 
to piping technology. 


MPORTANT link between Tube Turns, 

Inc. and its customers is the group 
of skilled, experienced engineers who 
staff its Engineering Service Division 
Their job: to expand piping technology 
through studies of piping performance 
and problems in the field; to enlarge 
the scope and utility of Tube-Turn 
welding fittings and flanges 

Today, the men of Engineering Serv- 
ice are making allies of alloys, solving 
major piping puzzles, extending the 
advantages of welding fittings and 
flanges to non-piping fields. Examples 
development of the first aluminum 
flanges, making possible all-welded, all- 
aluminum piping systems; design of 
lighter, stronger truck axles fabricated 
with Tube-Turn welding fittings. 

Ideas are their stock-in-trade .. . ideas 
focused on one basic objective: new and 
better ways for welding fittings and flanges 
to serve you better 

Write for free booklet on “TUBE 
TURN Aluminum Welding Fittings 
and Flanges.” 


“Be Sure You See The Double tt” 


TUBE TURNS, INC. 


LOUISVILLE 1, KENTUCKY 
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Cable Splicers 


A new line of low-cost cable splicers 
known as “Lug-Set’’ splicers has recently 
been introduced by the Tweco Products 
Co, of Wichita, Kan. The new splicers 
are made in four sizes to handle cables 
from No. 6 through No. 4/0. Made of 
electrolytic seamless pure copper tubing, 
these splicers are easy to install in shops 
or on field jobs with the Tweco “Lug- 
Set” Block and Punch, 

After the splicers are installed they 
ean be covered with split rubber tubes 
that are also available from Tweco, and 
then covered with friction tape. These 
sleeves insulate the splicer and protect 
the splice from abrasive wear. 


Top view of splicer attached 


Bottom view of splicer attached 


Tweco “Lug-Set” splicers make it easy 
and inexpensive to splice broken, cut or 
worn places in welding cables. Reel 
ends and short lengths can be quickly 
made into usable lengths. The splice 
will withstand tremendous pull and being 
made of pure copper they provide ample 
current-carrving capacity in all four sizes. 

Complete information literature 
on Tweeo “Lug-Set’” splicers, “Lug- 
Set” Block and Punch attaching tools, 
and other Tweco products is available 
by writing to Tweco Products Co., P. O. 
Box 666, Wichita, Kan. 


Vise With Interchangeable 
Jaw Faces 


These models, while having all the fea- 
tures and specifications of the popular Vi- 
Speed Standard Models 457 and 457-6, 
have something additional to offer—inter- 
changeable jaw faces, as shown in the 
accompanying illustration. 
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The faces are hardened tool steel with 
either serrated or smooth surfaces, which- 
ever convenience demands. They are 
firmly attached to the jaw castings by 
spring tempered pins driven into holes 
drilled in a manner to bind both faces and 
pins. They are quickly and easily re- 
moved by driving out the pins with a 
punch, after which other faces can be 
rigidly installed. 

Vi-Speeds with Interchangeable Jaw 
Faces are especially valuable where heat 
is applied to the work near the vise. 
Continual exposure of ordinary vise jaws 
to high temperatures will gradually re- 
move their hardness, but should this oc- 
cur with either Model 457R or 457R-6 it is 
an easy matter to remove the jaws and 
have them rehardened or, after long use, 
to install new ones 

Manufactured by Van Products Co., 
Erie, Pa. 


Welding Studs 


New and improved are-welding studs 
with are shields for stud welding applica- 
tions are manufactured by KSM_ Prod- 
ucts, Inc., 6512 Park Ave., Merchantville 
8, N. J. In addition, all stud welding 
equipment as well as replacement parts 
are available for immediate shipment. 

The studs manufactured are fluxed by a 
new process which controls the quantity of 
flux in each stud to a plus or minus 1°. 

The KSM standard design threaded stud 
is made by the thread rolling method. 
Thread rolling produces a stud approxi- 
mately 20°; stronger than comparable cut 
threads. The weldability of the KSM 


New Products 


stud has been one of the motivating fac- 
tors in an increasing number of firms incor- 
porating KSM studs into their stud weld- 
ing program. 


New Torch Design 


Functional design and aluminum con- 
struction mark the most sensational 
gasoline torch improvements in 75 years, 
according to a report from Otto Bernz 
Co., Rochester, N. Y., manufacturers of 
torches, firepots and plumbers’ tools. 
New features make torches lighter, more 
efficient, easier to handle and safer. 

Basic style change is in stronger, flared 
tank design, resulting in greater fuel 
capacity, and weight balance at any fuel 
level, as well as better appearance. 
Bakelite pistol-grip handle is designed for 
easier handling, better balance and more 
efficient use 


Simplified pump construction reduces 
number of parts from 16 to 8, mimizing 
mechanical troubles and repair 
Easier to insert, pump is perfectly sealed 
with finger-tight closing. More efficient 
check valve makes pumping twice easier 
and faster than formerly, and eliminates 
need for lockdown after pumping 

New safety feature is exclusive lock 
ring on needle valve. Valve cannot 
screw out nor be forced out by pressure, 
preventing flame from shooting out back 
of torch. 


costs. 
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when you increase arc-time per hour 


fo with Worthington-Ransome Welding Positioners 


and Turning Rolls. 


Spare your welders the o With a Worthington-Ransome Welding Posi- 
chore of having to climb all tioner continually bringing work into position 
over the work piece. Climb- Is for convenient down-hand welding, your 


ing, turning, propping time welders spend less time handling, more time 
is waste time. welding. 


Manual or automatic welding really pays off 


: Why do it the hard way when 2 when you use Worthington-Ransome Turning 
you can get it done the easy Rolls to rotate the work. This way, output 
eee way? goes up as much as 50% on either repetitive 

j k 


or job work. 


Welding Positioner capacities from 100 Ib to 20 tons. Turning 
Rolls from 3 to 150 tons, stationary and self-propelled. 

Write for Positioner or Turning Roll Bulletin, Worthington 
Pump and Machinery Corporation, Welding and Assembly 
Positioning Equipment Division, Dunellen, N. J. 


Welding Positioners 


RTE H N G T Turning Rolls 
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Special Filter for Blower-Cooled, 
Electronically Controlled Motor 


Developed by Air Filter Corp. is a spe- 
cially designed Airsan air filter for a Louis 
Allis blower-cooled, electronically con- 
trolled d.-c. motor. The Airsan air filter 
traps al) atmospheric and processed dust, 
thus assuring a clean motor and minimiz- 
ing motor maintenance. It extends com- 
mutator and brush life. 


Courtesy of Louis Allis Co. 


Further information on this and other 
applications of Airsan air filters can be ob- 
tained by writing Air Filter Corp., 108 N. 
Water St., Dept. 110, Milwaukee 2, 
Wis. 


New Packaging and Improved Design 
of WELDPOWER* CONTROL UNITS 


New, compact enclosures, attractively finished in bronze 
and brown, save valuable bench space. Readily accessible 
operating controls allow rapid change-over from one 
job to another. Long famous for speed and accuracy in 
welding metals of high thermal conductivity, the new 
Raytheon stored energy Weldpower offers the maximum 


in ease of installation and operation. 


NEW MODEL G 
WELDPOWER HEAD 


Completely new, patented, 
compact design insures fast, 
inertia-free operation. Can 
be pre-set for accurate, con- 
sistent electrode pressure. 
Widely adaptable to preci- 
sion welding light gouge 
metals, wire and small parts. 


* REG. U.S. PAT. OFF. 


aAYTHEOR) 


Model 60 
Capacity: 
63 wott-seconds 


Write for complete information 


Model 1100 
Capacity: 
1080 watt-seconds 


Copacity: 
225 watt-seconds 


Address Dept. 


MANUFACTURING 
WALTHAM 54, MASSACHUSE 
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CURRENT WELDING PATENTS 


Prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D. C. 


2,519,614—Wetping Gun—Arthur T. 

Van Eck, Grand Rapids, Mich. 

This patent covers a bar-welding tool 
which has a pair of supporting arms of 
current-conducting material with hinge 
means of the same material connecting the 
arms for angular movement in a plane. 
An electrode is carried by each of the sup- 
porting arms and force-applying means for 
articulating the arms is provided. 


2,519,784 — Wetpinc TRANSFORMER 
William J. Odcesterlein, Wauwatosa, 
Wis., assignor to Harnischfeger Corp., 
Milwaukee, Wis., a corporation of 
Wisconsin. 

The patented transformer has a variable 
output and includes a pair of spaced 
magnetic stationary field members each 
of which has a.notch on the inner face 
thereof. stationary winding re- 
ceived in the notches and has an open 
center. A movable magnetic core is 
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positioned in the open center of the 
stationary winding and it has notches 
thereon for receiving a movable winding 
which is fixed thereto with relation to the 
said core notches. Means are provided 
for adjustably moving the core and its 
associated movable winding. 


2,519,871— Mororizep Torcu Hover 
John H. W. Bergerow, Wood-Ridge, 
N. J., assignor to Air Reduction Co., 
Ine., New York, N. Y., a corporation of 
New York. 

This motorized torch holder is provided 
with special means adapted to raise and 
lower a torch with reference to a workpiece. 
The apparatus is controlled by a motor 
shaft which is driven in opposite directions 
for raising or lowering the bracket which 
positions the torch. 


2,519,877 E.ectrope — 
Lawrence H. Bevard, St. Louis, Mo. 


Current Welding Patents 


Bevard’s electrode holder has a pair of 
electrode clamping jaws, # handle remote 
from the jaws, and a cam element for 
spreading the jaws extending lengthwise of 
the jaws and positioned wholly between 
the jaws and engaging the faces thereof 
at points spaced apart longitudinally of 
the jaws. An operating lever is provided 
and connects to the cam element 


Torco—Elmer H. 
Smith, Minneapolis, Minn., assignor to 
Smith Welding Equipment Corp., Min- 
neapolis, Minn., a corporation of Minne- 
sota. 

Smith’s patent relates to a torch head 
which has a plurality of special passages 
provided therein and special compressible 
sealing elements are provided in association 
with the tip of the torch. 


Torcu Tre 
M. Eicher, Swissvale, Pa., 


Clyde 
assignor of 
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one-third to Sebastian C. Pugliese, 

Pittsburgh, Pa. and two thirds to 

Universal Tip & Equipment Co., a cor- 

poration of Pennsylvania. 

In this novel cutting torch, the head has 
ports therein for the passage of cutting 
oxygen, preheat oxygen and combustible 
gas. The patent covers a special connec- 
tion between a removable tip attached to 
the head and its relationship to the head 
for receipt of gases therefrom 


2,520,112—Arc ELectrope 

Philip Bourque and Matt Kiilunen, 

Detroit, Mich. 

This patented electrode comprises an 
elongated hollow body which has a plural- 
ity of welding electrodes positioned about 
the body in longitudinal alignment. there- 
with. Means are provided for electricaily 
connecting one end of the electrodes to the 
elongated hollow body. 


2,520,151 —ApsusTABLE-ELEcTRODE ARc- 
Torcu—George G. Landis, 
South Euclid, and Norman J. Hoenie, 
Cleveland Heights, Ohio, assignors to 
The Lineoln Electric Co., Cleveland, 
Ohio, a corporation of Ohio 
A portable are-welding tool is covered 

in the patent and includes a handle formed 
with a pair of spaced adjacent bores with 
an elongated member rotatably fitted in 
each of the bores and extending from one 
end of the handle in spaced but adjacent 
relation. Electrode gripping means are 
provided in the outer ends of such mem- 
bers and two intermeshing gears are fixedly 
mounted one on each of the members 
so that the members may be rotated in 
unison 


2,520,206-—Sitver Brazing Fiux-——Wal- 
ter Goerg, North Bergen, N. J., assignor 
to Air Reduction Co., Inc., a corporation 
of New York. 

This silver-brazing flux 
approximately equal quantities of boric 
acid, potassium bifluoride and potassium 
A small amount of sodium 
alginate and sodium hexametaphosphate 
are also present in the flux as is an appre- 
ciable amount of water 


consists of 


tetraborate 


2,520,806-—Wetping ELecrrope—Theo- 
dore | Kihlgren, New Providence 

Township, Union County, and George 

R. Pease and Pierre Ek. Le Grand, 

Plainfield, N. J., assignors to the Inter- 

national Nickel Co.., Inc., New York, 

N. Y., a corporation of Delaware. 

This patent covers a welding electrode 
having a core wire of nickel-copper alloy 
with the electrode being characterized by 
its adaptation for forming weld deposits 
of a high degree of ductility by a dc. 
arc-welding operation. special flux 
coating is provided on the electrode 


2,520,926— Power ror WELDING 
Apparatus—Harold J. Graham, Boston, 
Mass., assignor, by mesne assignments, 
to Graham Mfg. Corp., Detroit, Mich., a 
corporation of Michigan 
Graham's patent covers a generating 

and contro] system for supplying a current 

surge of initially high value and includes a 

generator having a field coil and an arma- 

ture, which armature supplies the load 


current An energy storing capacitor Is 
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charged from a direct-current power sup- 
ply, and a normally open switch is con- 
nected in series with the capacitor and the 
field coil. Thus closing the switch dis- 
charges the capacitor through the field coil 
to result in a current surge of initially 
high value from the armature. 
2,521,199-—-Metuop or AND APPARATUS 
ror Hiau-Sreep, HiGu-PREsSURE 

OxycGen CutTtTine or Metats—Roger 8. 

Babcock, Plainfield, N. J., assignor to 

The Linde Air Products Co., a corpora- 

tion of Ohio. 

Babcock’s cutting method comprises 
directing a jet of oxygen progressively 
against the surface of the body by a 
special type of a nozzle. Gaseous oxygen 
is supplied to the nozzle at normal am- 
bient temperature and a pressure of be- 
tween 450 and 600 psi. gage. The nozzle 
is adapted to increase the velocity of 
flow of the oxygen to values substantially 
above that of sound 


2,521,471 — Weipine Device — Thomas 
Lestler May, New York, N. Y., assignor 
to Hi-Ampere Tools Corp., Bronx, N. Y. 
a corporation of New York. 

This welding device includes a pair of 
electrodes and means are provided for 
moving one electrode toward the other to 
grip a workpiece therebetween. Means 
are associated with the second electrode to 
move it from a normal position and other 
means connected to this electrode resist 
such movement. A switch is also con- 
nected to the second electrode and adapted 
to be closed after the second electrode has 
been moved from its normal position. 


2.521,669—Torcu APPARATUS 
John H. Rountree, Plainfield, N. J., 
assignor to The Linde Air Products Co., 

a corporation of Ohio. 

Roundtree’s apparatus is for plate edge 
preparation and includes an_ elongate 
frame member with a socket on the main 
frame for supporting a nose cutting nozzle 
adapted to cut a kerf in the plate to form 
a nose thereon. This frame member 
extends longitudinally of the kerf and 
terminates in a transversely extending 
guide longitudinally spaced from the nose 
cutting nozzle socket A supporting arm 
is provided and is slidable transversely 
with respect to the kerf and a beveled 
cutting nozzle is mounted on the support- 
ing arm and is movable toward and away 
from the nose of the nozzle 


Ree.t—Paul 
H. Kurtz, Elmhurst, Il., assignor to 
Western Electric Co., Inc., New York, 
N. Y., a corporation of New York. 
This patent covers a metal reel of a 
special welded construction. 


2,522,146—Conrour MAcHINE 
Edwin L. Tichenor, Clifton, and 
William Cremins, Montclair, N. J., assig- 
nors to Curtiss-Wright Corp., a corpora 
tion of Delaware 
This welding machine has a welding 
head mounted for longitudinal and trans- 
verse movement for depositing weld metal 
and means are provided for guiding the 
weld head. Such guiding means include a 
fixed cam member and a cam follower that 


Current Welding Patents 


has a variable radius and which is urged 
into frictional engagement with the edge 
of the cam member. The welding head is 
arranged to follow corresponding move- 
ments of the cam follower. Additional 
means are provided for rotating the cam 
follower whereby it moves bodily along 
the edge of the cam and causes correspond- 
ing movement of the welding head. 


2,522,364—-ARRANGEMENT IN MANUPFAC- 
TURING OF CoaTeD We.pine 
TRopES—Ernst W. Grana, Hammarby- 
hojden, Sweden, assignor to Allmanna 
Svenska Electriska Aktiebolaget Vast- 
eras, Sweden, a corporation ol Sweden. 
This patent covers a welding electrode 
coating device wherein a core wire receiv- 
ing sleeve is provided and an extruding die 
is provided for receiving the sleeve and 
depositing a coating mass around the pe- 
riphery of the sleeve 


PressuRE WELDING 
Anthony Bagnold Sowter, Wembley, 
England, assignor to The General 
klectrie Co., Limited, London, Eng- 
land, 


2,522,408 


This method relates to cold welding two 
nonferrous members at room temperature 
and comprises the initial step of scratch- 
brushing the surface portions of the mem- 
bers to clean same and arranging the 
members with the clean surfaces in face-to- 
face relation. A surface pressure is ap- 
plied to contacting members substantially 
normal thereto, which pressure is con- 
trolled to produce a partial reduction in 
thickness of the members in a strip-like 
area thereof of at least 70% This causes 
an indentation in an area of the members to 
permit the adjoining metal of the members 
to cold flow sufficiently to weld the mem- 
bers at an area corresponding to the strip- 
like area. 


2,522,482 —E.ectric Arc WELDING~-Zig- 
mont Edward Olzak, Beaver Falls, Pa., 
assignor to The Babcock & Wilcox 
Tube Co., West Mayfield, Pa., 


poration of Pennsylvania 


a cor- 


Olzak’s patent covers a method of inert- 
gas-shielded electric welding wherein an 
are is Maintained between an electrode and 
a metal workpiece and a stream of inert 
gas is directed about the are to shield the 
latter and molten metal in the weld zone, 
The inert gas used has a relatively high 
density and a low arc supporting potential 
Also, another stream of gas having a rela- 
tively lower density and a relatively higher 
are supporting potential is directed closely 
around the first-mentioned gas stream 


Too.— Willie 
Richardson, New York, N. Y , aesignor 
of one-half to Alfred Weisstein and 
Samuel Weisstein, New York, N. ¥ 
This patented torch-guiding tool in- 
cludes a carrier having three surface-con- 
tacting supporting members positioned 
in triangular relationship and supported to 
move on a supporting surface in a plane 
closely adjacent to the supporting surface 
These supporting members include two 
rollers and a fixed center-point member 
A cutter-supporting post is provided and 
a flame cutter is adjustably positioned on 
the apparatus with relation to the fixed 
center-point member referred to 
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Anthony Wayne 


On Friday, September 22nd the An- 
thony Wayne Section held its first meeting 
of the 1950-51 season. 

The meeting was held at Ruckman and 
Hansen, Inc. There were actual demon- 
strations on powder cutting, cast-iron 
cutting, pipe welding and brazing of cast 
iron. 

Walter Love, technical representative of 
Air Reduction Sales Co. of Chicago, dem- 
onstrated powder cutting and cast-iron 
cutting. George Laws, of Ruckman and 
Hansen, Inc., demonstrated the pipe weld- 
ing. Virgil Beck of The Beck Welding 
Works demonstrated brazing of cast iron. 
Each gave a short talk on welding and cut- 
ting processes. 

The meeting proved to be an instrue- 
tional and educational program. Lunch 
was served by the Brudi catering service. 
Sixty members and guests were present. 


Arizona 


The September meeting of the Arizona 
Section was held in the Aluminum Room 
of the Hotel Westward Ho at 7:00 P.M. 
It was a dinner meeting with an attend- 
ance of approximately thirty members. 

The meeting was presided over by Ar- 
thur Tesmer in the absence of the Sec- 
tion’s Chairman, James Johnson. The 
Section’s attention was called to the fact 
that its membership exceeds the potential 
setup by National Headquarters by over 
fifty per cent. 

Announcement was made of the appoint- 
ment of William Fischer, Welding Engi- 
neer of The Lincoln Electric Co., as the 
new Program Chairman, taking over the 
former duties of Hal Savage, Arizona 
Welding Equipment Co., who asked to be 
relieved due to pressure of business. 

Several short and very interesting talks 
were given by members of the Section, 
namely, Charles Fogwell, George Hunt, 
J. August Rau, William Mills and James 
Stacy. An unusual sound film describ- 
ing oxyacetylene welding and cutting was 
shown through the courtesy of the U. 8. 
Bureau of Mines 

It was agreed by all present that the 
meeting was a most enjoyable one. 


Chattanooga 


A special meeting of the Executive 
Committee of the Chattanooga Section 
was held at the Hotel Patten at noon on 


prepared by C. M. O’ Leary 


cided to include a “Coffee Hour’’ as a reg- 
ular feature of this year’s meetings. The 
“Coffee Hour’ will follow dinner and will 
include a 15-20 min. movie of general in- 
terest. 

The following officers were appointed: 
Program Committee Chairman—A. R. 
McLain; Coffee Hour Program Chairman— 
L. 8. Chambless and Member at Large (to 
replace Claude E. Phillips)—R. B. Bay- 
ston, 

The following members were appointed 
as program committee members to furnish 
programs for the meeting dates as listed: 

Oct. 6—James Wm. O'Neal, Sr., Con- 
verse Bridge & Steel Co. 

Nov. 3—-F. C. Chapman, Combustion 
Engineering - Superheater, 
Ine 

Dee. Clarence R. Miller, Welding. 
Gas Products Co. 

Jan. 5—William I. Reilly, Cavalier 
Corp. 

Feb. R. G. Wilson, National Cylin- 
der Gas Co. 

Mar. H. E. Davis, Combustion En- 
gineering-Superheater, Inc. 

Apr. 6—Paul H. Stuff, Ross Meehan 

Foundries 
Horace H. Peek, Jr., Lookout 

Boiler & Mfg. Co. 

All meetings are planned to be held the 
first Friday of each month at the Maypole 
Restaurant. 


May 4 


Chicago 

The following officers have been elected 
by the Chicago Section for the 1950-51 
season: Chairman—E. P. Auler; 1st Vice- 
Chairman—A, F. Chouinard; 2nd Vice- 
Chairman—1. H. Carlson; Secretary- 
Treasurer—L. ©. Monroe; Chairman 
Membership Committee—1. H. Carlson; 
Chairman Program Committee—A. F. 
Chouinard and Technical Representative 
T. B. Jefferson. 


Cincinnati 

The following officers have been elected 
by the Cincinnati Section for the 1950-51 
season: Chairman—William Highwood; 
Ist Vice-Chairman—Edward L. Foote; 
2nd Vice-Chairman—J. R. Bergmann; 
Secretary-Treasurer-—Robert F. Martin; 
Chairman Membership Committee—George 
Jacoby; Chairman Program Committee 
Edward L. Foote and Technical Representa- 
tive--Wm. A. Maddox. 


Colorado 


The regular monthly meeting was held 
on September 12th in the Festival Room 
of the Oxford Hotel, Denver. Dr. F. A. 
Rohrmapv, Executive Director, Experi- 
mental Station, University of Colorado, 
spoke on “The Atomic Bomb and Its 
Value.” Dr. Rohrman is well qualified to 
speak on this subject due to his association 
with this program from the beginning. 
His talk was very interesting and well re- 
ceived by all present. 


Dallas 


The September meeting was held on the 
13th in the Auditorium of the Lone Star 
Gas Co. Dinner was held in Brockles 
Cafe. Technical speaker was J. C. Holm- 
berg, Metallurgist, Tulsa Testing Lab. 
His subject was “Testing Some Methods 
and Reasons,” and was illustrated with 
forty slides. Refreshments were served 
following the technical session 


Detroit 


Plant Visit to the Ternstedt Division of 
General Motors Corp. on September 15th 
got off to a grand start with a luscious 
dinner which was served for the nominal 


fee of $1.00. 


Aug. 25, 1950, for the purpose of appoint- 
ing certain officers and committees and to 5 ee 
discuss meeting plans. . 

It was decided to continue last year's 
policy of appointing a program committee 
of eight to assist the Program Chairman, 
each committee member to be responsible 
for planning one meeting. It was also de- 


Detroit Section Plant Visit to Ternstedt Division, GMC. 


Front row, sitting left 

to right, Officials of Ternstedt Division: H. M. Rissman, Detroit Plant Mar., J. 

Conlon, General Plant Mar., Webb Lee, Director of Personnel. Back row, 

standing, left to right, Officers of Detroit Section: J. R. Stitt, Keith Sheren, E. 
B. Brown, R. H. Bennewits and J. M. Johnston. 


Section Activities THe JourNAL 
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Group of Detroit Members and Guests at Plant Visit 


Following dinner, Webb Lee, Director 
of Personnel, introduced H. M. Rissman, 
Detroit Plant Manager, who in turn intro- 
duced the various members to operating 
management. Jim Conlon, General Man- 
ager of the Ternstedt Division, then gave 
a very brief and history of 
Ternsted’s modest beginning dating back 
to 1917. Today Ternstedt is the largest 
manufacturer of automotive hardware in 
the world. 

Following Mr. Conlon’s talk, the mem- 
bership was divided into groups of eight 
and guided through the Plant Among 
the items of interest high-produc- 
unusual 


interesting 


were; 
tion multiple press operations 
welding applications; unique 
and bending setups; unusual packaging 
and protective coating applic ations; 
orate materials handling equipment and, 
the application which probably attracted 
the most attention, electronic paint spray- 
ing An outstanding observation by all 


stamping 


elab- 


attending was the orderliness, cleanliness 
and organization maintained in this large 
plant 
The hosts were most gracious and co- 
operative and it was felt that everyone at- 
tending came away with some new ideas 
Programs for meetings are as 
follows: 
No. 10 
Dee S 


coming 


“Koldweld Process”’ 
Nontechnical Night, Walter P 
teuther, President, UAW-CLO 
Composite Forgings, Inc., Bill 
Guse’s Hunting Films 

Quiz the Experts 


Jan, 12 
Feb 9 


Eastern Illinois 


The following officers and chairmen 
elected by the 
1950-51: 
Singer; Jst Vice- 

Alston: 2nd Vice- 
Chairman-——Paul Cummins Secretary 
Herbert F Depke ; Fred 
Cowles; Chairman Membership Commit- 
tee—Wayne FE. Linn and Technical Repre- 
Morse B. Singer 


committees have been 
Eastern Illinois Section for 
Morse B 


William W 


Chairman 
Chairmain 


Treasurer 


sentative 


Hartford 


On Thursday, September 21st, the Hart- 


NovemBer 1950 


ford Section met for dinner and meeting 
at the University Club. 

Speaker at the technical meeting was 
Sereno B. Gammell, News Commentator 
Radio Station WTHT, Hartford, Conn 
Mr. Gammell spoke on current news events 
and our part in them. 


Houston 


The September meeting was held on the 
I4th at the Ben Milam Hotel, Banquet 
Room, Houston, 

Technical speaker was J. C. Holmberg, 
Tulsa Testing Laboratory, whose subject 
was “Testing Methods and Rea- 
sons.”” Mr. Holmberg discussed the im- 
portance of inspection ind 


Some 


testing, not 
covering the pre- 
seribed, but also other tests which are used 


only tests customarily 


for specific purposes 


Lehigh Valley 


Dr. G. E. Claussen, Metallurgist, Reid- 
Avery Co. Ine Md., was the 
guest speaker at the first meeting of the 
1950-51 season, which was held Monday, 
October 2nd, in the Hotel Bethlehem, 
Bethlehem, Pa. J. R. Fairhust, Chair- 
man presided at the meeting 


Baltimore 


Dr. Claussen gave a very interesting 
talk on the E60 series electrodes, describ- 
ing each type and their respective appli- 
an illustrated dis- 
difficulties encountered in 


cations He also gave 
cussion on the 
the welding of various types of stainless 
and the 


overcome the se probk ms 


designing of electrodes to 
Members and 


wuests participated na discussion period 


steels, 


following Dr. Claussen’s presentation. 

A dinner meeting pre ceded the technical 
session, at time C. L. Kreidler, 
Lehigh Structural Steel Co., gave an edu- 
cational talk entitled, “Design of Simple 
Lifting Fixtures 


whit h 


Michiana 


The Michiana Section started off its 
1950-51 season with a film, talk and dis- 
cussion on Design for Silvery Alloy 
Brazing’ led by Roger J. Metzler, De- 
velopment Engineer of Handy and Har- 


Section Activities 


man. Some 35 members and guests were 
present, and an active discussion follow- 
ing the talk gave evidence of the interest 
in the subject The dinner meeting took 
place on September 2lst at the Prairie 
Steak House, South Bend, Ind 

It was pointed out that six points must 
be kept in mind by the designer. Clear- 
ance must be kept low to prevent costly 
use of the The parts must be ca- 
pable of being cleaned and fluxed. During 
the brazing process, the assembly must be 


alloy 


capable of being supported so that no, or 
little, load is put on the joint. The alloy 
must 
it and finally, the part must be capable of 


placed so that the heat can reach 
having the flux removed. Parts designed 


with adequate consideration for these 


points will have joints with excellent 


strength, economically made 


Milwaukee 


The Milwaukee Section held its first 
meeting of the current Friday 
evening, September 22nd, at the Ambassa- 
dor Hote 

A short color film exploiting the gran- 
deur of fishing and vacationing in Wiscon- 
sin was shown during the coffee talk pe- 
riod The the audi- 
ence indicated that the film was enjoyed 
by all, especially by the ‘““Musky’”’ fishing 
enthusiasts 


year on 


vudible reaction of 


It was agreed by all present, after a short 
discussion, that the usual procedure of the 
past be deviated from in that one of the 
would be de- 
other than 


meetings during the 
voted to a 


year 
topic of interest 
welding 

The technical 
for Welde rs, 
Schaeffler of the 
His simplification ot a 
subject was most interesting and enlight- 
ening to the welder. He dis- 
cussed extensively the structural changes 
that occur in a multiph 


discourse, Metallurgy 

Anton L. 
Allis-Chalmers Corp. 
technical 


was presented by 
highly 
practic al 


pass weld bead 
during cooling. The amount of weld met- 
al deposited and its effect on the ductility 
of the weld bead was explained with the 
aid of the TTT curves Mr. Schaeffler 
showed a number of slides of diagrams and 
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photomicrographs in explaining why the 
ductility of a weld bead having a few 
heavy passes is lower than a similar size 
bead made with a larger number of lighter 
passes, 

Approximately 65 members and guests 
were present. 


New Jersey 


The regular monthly meeting of the 
New Jersey Section for September was 
held on the 19th at the Essex House, New- 
ark. The usual dinner preceded the 
meeting. 

G. ©. Hoglund, Manager, Welding 
Section, Aluminum Company of America, 
was the technical speaker. His subject 
was “The Growing Use of Aluminum 
Through Improved Welding and Brazing 
Methods.” 

A film ‘“The Tool for the Job” was shown 
through the courtesy of the Air Reduction 
Co. This was its first showing. 

O. B. J. Fraser, President of the A.W.S., 
gave a short talk on membership. 

As is the custom of the Section, an ‘‘af- 
ter meeting snack" or social hour was held. 

The annual picnic held by the New Jer- 
sey Section took place on Saturday, Sep- 
tember 16th (at The Pines) in Metuchen, 
N. J. Over three hundred members and 
friends of the Society attended this pic- 
nic. Various contests and games were 
held, plus an ample supply of food and 
drinks. 

Schedule of meetings for the remainder 
of the season is as follows: 


Noy. 21-—‘Welding in the Job Shop,” 
Gilbert, Editor, Indus- 
try and Welding 

“Developments in Are Weld- 
ing Equipment,” J. P. 
Couglin, Westinghouse 
Kleetrie Corp. 


Dee. 19 


Nick Kiernan, Chairman and Jack 
Riley, Vice Chairman, New Jersey 
Section 
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Horseshoe Throwing Contest at New Jersey Section Picnic 


Jan. 16, 1951—Joint Meeting of A.S.- 
M.E. & A.WS., 
“Comparison 
tween Welding and 
Other Methods of 
Fabrication in the 
Aircraft Industry,” 
F. Albrecht, Glenn L. 
Martin Aireraft Co. 

“Brazing of Metals,” R. J. 
Metzler, Handy and Har- 
man 

March 20-—Symposium on Nondestruc- 

tive Testing by Magna- 
flux, Zyglo, X-Ray, 
Gamma Ray, Sonic 
Method and Mass Spec- 
trometry 

“Welding of Cast and 
Wrought Nickel and High 
Nickel Alloys,” Interna- 
tional Nickel Co. 

To be announced 


Feb. 20 


April 17 


May 15 


New York 


The following is a program schedule for 
meetings of the New York Section for the 
remainder of the season: 


Nov. 14—“Proper Preparation for 
Welding, Charles Jen- 
nings, Westinghouse Elec- 
trie Corp. 

“Tooling for Automatic Are 
Welding,” Cecil C. Peck, 
President, Cecil C. Peck 
Co. 

“Inert-Gas-Shielded-Are Weld- 
ing,’ John W. Mortimer, 
The Whitlock Mfg. Co., 
S. A. Yaezko, The M. W. 
Kellogg Co. 

Joint Meeting with the So- 
ciety of Naval Architects 
and Marine Engineers, 
“Welding High-Pressure, 
High-Temperature Steam 
Piping,” Roger W. Clark, 
General Electric Co., A. 
W. Rankin, Turbine-Gen- 
erator Eng. Div., General 
Electrie Co. 

“Cutting and Flame Proe- 
esses,"’ R. S. Babcock, 
The Linde Air Products 
Co. 

“Shop Problems in Welding,” 
hb. Isgaen, R. G. LeTour- 
neau, Ine. 


Feb. 13 


March 13 


April 10 


Section Activities 


May—Annual Social Meeting 


Niagara Frontier 


The September 28th dinner meeting was 
held at the Hotel Sheraton, Buffalo, N. \ 
Dinner speaker was Lieutenant Russell 
Camp, USN, who gave an excellent talk 
on “The Meaning of and Need for Secu- 
rity.” 

Technical speaker was H. T. Herbst, 
Development Engineer, The Linde Air 
Products Co. Mr. Herbst presented an 
interesting presentation on “‘Inert-Cas- 
Shielded Metallic Are Welding There 
was an attendance of 110 at this meeting 


Northwest 


The following is a schedule of the meet- 
ings of the Northwest Section: 


Nov. 13—“Railroad Shop Welding,” 
La Motte Grover, Air Re- 
duction Sales Co 

Christmas Party 

“Design for Resistance Weld- 

ing,” W. R., Plummer, Pro- 

gressive Welder Sales Co 

“Weldesign for Improved 

Products,” John Mikulak, 
American Car and Foun- 
dry Co. 

“Organization for and Ap- 
plications of Mainte- 
nance Welding,” Lew 
Gilbert, Editor, Industry 
and Welding 

“Inert-Gas-Shielded- Are Weld 

ing,” T. W. Eselgroth, The 
Linde Air Products Co 

“Design of Structural Steel,” 
Frederick H. Dill, Ameri- 
ean Bridge Co 


Dec, 15 
Jan. 


Feb. 12 


March 12 


April 9 


May 14 


Philadelphia 


The Philadelphia Section opened the 
1950-51 season with its first meeting on 
September 18th. 

The fine attendance and interest exhib- 
ited at this meeting promises a busy and 
successful year. 

The paper of the evening ‘“Imagina- 
tion—The Keynote to Submerged-Are 
Welding” by Mr. Stringham, Process and 
Development Engineer, The Lincoln Elec- 
tric Co., was most interesting and informa- 
tive. He emphasized that the use of a 
little imagination and ingenuity in con- 
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Westinghouse 


* ONLY 3 BASIC ELEMENTS... Transformer, reactor 


and rectifier. You save motor and generator main- 


tenance costs. You save space. The new D-C Welder 
is 14g the weight of an M-G set...is easily moved 
from job to job. 


* SAVES $126 A YEAR IN POWER COSTS ALONE! 


The new Westinghouse has a no-load loss of only 
500 watts, compared to 2480-3600 watts on a 


conventional motor-generator welder. 


* ENDS WELDER NOISE! Lightweight, quiet seleni- 


um rectifier replaces old noisy motor generator. 


* SMOOTHER WELDING ... Less arc blow... easier 


arc striking ... better weld quality. xo 


FREE TRIAL / 


We'll arrange DEMONSTRATION OR TRIAL 
INSTALLATION at no cost to you... give you 
actual performance facts and figures. Contact 
nearest distributor, or write Westinghouse 
Electric Corporation, Dept. DC25, P. O. Box 
868, Pittsburgh 30, Pennsylvania. j-21592 
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junction with the five basic factors in sub- 
merged-are welding was very important 
for the success of any job. The five basic 
factors he set up were proper joint design, 
proper position of joint, cleanliness of 
joint, proper fixtures and equipment and 
proper flux handling. By use of slides he 
illustrated how these factors had been 
combined to accomplish various jobs suc- 
cessfully. 

The questions and discussion empha- 
sized the importance with which the mem- 
bers present consider the application of 
submerged-are welding. 

The usual refreshments provided as an 
aid to informal and friendly discussion 
were served. 

The Panel Discussion on Friday, Octo- 
ber 6th, based on “Radiography” was 
enthusiastically received. The discus- 
sion of radiography and its use, particu- 
larly the new field opened by the “Hot 
Radiography” technique, made the eve- 
ning very interesting and worth while for 
all those present. 

The program for the Panel Discussions 
is as follows: 


Nov. 3—‘Necessity for and Effect of 
Stabilizers in Stainless 
Steels,” Chairman—R. D. 
Thomas, Jr., Arcos Corpora- 
tion 
Dec, 1—“Design and Proper Application 
of Spot Welding Equip- 
ment,” Chairman —C. 
Middlestead 
To be announced 
“Allowances for and Control of 
Shrinkage Due to Welding” 
“Prevention and Control of 
Cracking Due to Welding” 
Open panel with experts avail- 
able to answer questions in 
all fields of welding 
The technical program of monthly 
meetings for the remainder of the season is 
as follows: 


Jan. 5 
Feb, 2 


March 2 


April 6 


Nov. 20-—‘Welding Aircraft Gas Tur- 
bine Components,’’ George 
Richardson, General Elec- 
tric Co. Discussion 
Leader—Frank Gardiner, 
L.T.E. Cireuit Breaker Co. 
Coffee Talk —‘‘Offstreet 
Parking,”” R. A. Mitchell, 
City Traffic Engineer 

“Inert - Gas - Shielded - Are 
Welding Symposium,” A. J. 
Hopper, Welding ngi- 
neers, Inc., Walter Mehl, 
Heintz Manufacturing Co., 
M. W. Brewster, Westing- 
house Eleetrie Corp.- Dis- 
cussion Leader—R. 8. 
Phair, Budd Co. Sound 
Color Movie—“Flying 
Fisherman,” Courtesy 
Eastern Air Lines 

Joint Meeting Society Naval 
Architects and Marine En- 
gineers, “Fabrication of 
High-Temperature, High- 
Pressure Steam Piping,” L. 
C. MeNutt, United Engi- 
neers and Constructors, Inc. 
Discussion Leader—Harry 
W. Pierce, New York Ship- 
building Corp. 


Dec. 18 


Jan. 15 


‘eb. 19—National Officers’ Night, 
Questions and Answers 
Competition _Interroga- 
tor—A. J. Raymo, Bald- 
win Locomotive Works 

“Titanium Metal and Al- 
loys Containing Titan- 
nium,” Earl Larsen, P. 
R. Mallory and Co. Ine. 
Discussion Leader—Dr. 
E. M. Mahila, E. du 
Pont de Nemours and Co. 
Coffee Talk “Consumer 
Complaints,” George 
Whittam, Manager, Cus- 
tomer Service Dept., Gim- 
bel Bros. 

“Factors in Processing Steel 
Which Affect Weldabil- 
ity.” Coffee Talk—1951 
Phillies 
May 12—Social Night—Dinner and 

Dance; Chairman—R,. A. 

A. Guenzel 
The officers for the Philadelphia Sec- 
tion for 1950-51 are as follows: Chair- 
man--O. C. Frederick; Ist Vice-Chair- 

man—K. W. Ostrom; Secretary—J. 8. 

Douglass; Treasurer—E. R. MeClung, 

Jr.; Chairman Membership Committee 

C. W. Middlestead; Chairman Program 

Committee—K. W. Ostrom and Technical 

Representative--A. John Erlacher. 


March 19 


April 16 


Pittsburgh 


The September 20th dinner meeting of 
the Pittsburgh Section was held at the 
Jacktown Hotel, Jeannette, Pa. The 
meeting was given over to an escorted 
2'/, hour tour of The Elliott Co. The 
tour included inspection of Diesel Engine 
Turbo-Charges, Steam Turbines, Cen- 
trifugal Blowers, Jet Ejectors, ete. The 
Company provided skilled personnel to 
conduct, describe and explain the manu- 
facturing facilities and work in progress. 
There was an attendance of 110 on this 
tour. 


Puget Sound 


The October dinner meeting of the 
Puget Sound Section was held on the 12th 
at the New Washington Hotel, Seattle, 
Wash. Speaker was Professor A. L. Miller 
of the University of Washington. His sub- 
jeet was “Design and Construction of 
Welded Steel Frame Buildings.” 

The following officers and committees 
have been elected by the Puget Sound 
Section for the fiscal year: Chairman 
Alex D. Sweek; Vice-Chairman—Wm. 
Snyder; Secretary-Treasurer—C. R. 
Goetjen; Executive Committee—J. H. 
Tadlock, Roy Kamb, Harold Hovland and 
Jerry Martin; Progam Committee—How- 
ard Long, Robert 8. Miller and Myron D. 
Stepath; Membership Committee-—Stan 
Miller, Robert Hermon and Lloyd R. 
Hayward; Reception Committee—G. Mor- 
gan McBride Jr., and Roy A. Kamb; 
Publicity —Al Patnik; Codes and Stand- 
ards —Elmer E. Gunnette and Technical 
Gilbert F. Schaller, L. M. Crawford. 


Section Activities 


Sagiaw Vallney 


On Friday, September 15th the Saginaw 
Valley Section in conjunction with the 
Detroit Section made a plant visit to the 
Ternstedt Division of the General Motors 
Corp. Complete writeup is given under 
‘Detroit” Section Activities. 


Salt Lake City 


A special meeting of the Executive 
Committee of this Section was held on 
August 21st to appoint committee chair- 
men and members. The following ap- 
pointments were made. 

Finance Committee: Al Drake, Ezecu- 
tive Member; Leo Powell, Chairman; 
Lew Pope and Louis Lombardi. 

Technical and Educational Committee: 
Leo Davis, Executive Member; Joe Rob- 
erts, Chairman; Darwin Christofferson; 
William Lapp and Frank Rust. 

Publicity Committee: Leo Davis, Ezec- 
utive Member; J. Robert Lang, Chairman; 
Marvin Beckstead and Edwin Carlson. 

Program and Entertainment Commit- 
tee: Al Bowcutt, Executive Member; 
Charles Bartlett, Chairman Technical 
Division; Paul Ownby, Chairman Enter- 
tainment Division; Ray Potts; Gordon 
Christensen; Ed Brown and Don Rosen- 
baltt. 

Membership Committee; Al Drake, 
Executive Member; D. 8S. Jenkins, Chair- 
man; C, Roldo Call; Donald Newell; 
J. Graham Daniels; Shirely F. Jensen; 
Arthur Ray; Hudson Francom; Dale 
Worden; A. 8S, Bouck and Orson Daven- 
port. 


St. Louis 


An inspection trip through the Granite 
City Steel Co. plent, Granite City, Il., 
was made on September L5th. 

Five hundred and twenty took part in 
this excellent inspection tour. Attend- 
ance was divided into groups of 35 each 
and conducted through the mill by two 
guides to each group. Operations were 
explained at the various points of interest 


Susquehanna alley 


The following is the program for the re- 
mainder of the 1950-51 season 


Business Meeting 6:15 P.M. 

Dinner 6:45 P.M. 

Hotel Berwick unless advised otherwise 
Coffee Talk 7:30 P.M. 

Movies 7:45 P.M. 

Technical Subject 8:15 P.M. 


Dec. 6—‘‘Resistance Welding,’ R. T. 
Gillette, Precision Welder 
& Machine Co. 

“Design for Silver Alloy 
Brazing,’ R. J. Metzler, 
Handy and Harman 

“Welding Aluminum Alloys” 
G. O. Hoglund, Aluminum 
Company of America 
“Maintenance Welding,” 
C. C. Keyser, Bethle- 
hem Steel Co 

“Shielded Arc Welding,” J. 

S. Douglass, The Linde 
Air Products Co. 


Jan. 3 


Feb, 7 


March 7 


April 4 
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All Welded A.W.S. Literature Display 
Fixture Used by Susquehanna Valley 
Section 


May 2——-Annual Meeting and Ladies 

Night 

The October meeting was held on the 
4th at the Hotel Berwick. Dinner 
speaker was Lewis Russell, Technical 
Representative of the Section. Mr. Rus- 
sell discussed the literature available to 
the A.W.S. membership and supplemented 
his remarks with a complete display of the 
Society's using an all- 
welded display fixture designed and con- 
structed in his welding shop classes 

T. B. Jefferson, Editor of The Welding 
Engineer, was the technical speaker. Mr. 
Jefferson spoke around the theme, ‘‘Weld- 
ing—Its Role in America’s Future.” He 
championed the cause of welding by com- 
paring rivets to welds and pointing out the 
weaknesses in attitudes of old-time con- 
sultants who are too steeped in tradition 
and antiquated codes to 
wholeheartedly endorse welding. Mr. Jef- 
ferson concluded his remarks, that the fu- 
ture of welding really lies in education 
educating the engineer and the public at 
large. 

technicolor, 
“The Oxyacetylene 
Metals,” 

A business meeting preceded the dinner 
at which time R. P. Schweyer was ap- 
pointed Treasurer, succeeding R. C. Bel- 
las, who resigned upon the transfer of his 
duties from Milton to Baltimore, Md 

The following are the officers of this 
Section for the fiseal year: Chairman 


publications, 


construction 


sound movie entitled 
Flame-Master of 
was shown. 


C. H. Folmsbee; {st Vice-Chairman—C. 
E. Reedy; Secretary—D. B. Howard; 
Treasurer—R. P. Schweyer; Chairman 
Membership W. C. Lamb; 
Program Committee—J.  V. 
Carleton and Technical Representative 
Lewis Russell. 


Committee 


Chairman 


Tri-State 


The Tri-State Section met at Bockel- 
man’s New Harmony Way for a chicken 
dinner and a talk given by E. C. Hurt of 
Haynes-Stellite Division of the Union Car- 
bide and Carbon Corp. Mr. Hurt pre- 
sented a paper tracing the beginning of 
hard-surfacing applications and discussed 
some of the present hard-surfacing meth- 
ods, This talk was illustrated by means 
of slides and was well received 

Mr. Werling, Membership Chairman for 
1950-51, presented his plans for increasing 
the membership of this Section. These 
plans include a letter to each member 
stressing the value of the A.W.S. to him 
and asking for his cooperation in obtaining 
new members for the coming year. To 
stimulate the cooperation of the member- 
ship, plans were announced to offer prizes 
of $15.00, $7.50 and $5.00, respectively, to 
the three members who secure the most 
new members by Dee. 1, 1950. 


Washington 


The following is the schedule of meetings 
for the Washington Section for the remain- 
der of the 1950-51 season 


Oct. 14—Plant Visit to the Bethlehem 
Steel Co., Steel, Sparrows 
Point, Md 

Nov. 28—Engineers Club—8:00 P.M., 


Aircraft Aluminum Weld- 
ing,’ and movie on “Pilot- 
less Guided Vehicles,”’ Fritz 
Albrecht, The Glenn L, 
Martin Co 

Engineers Club—8:00 P.M., 
“Developments — in Are 
Welding Equipment,” C. 
H. Jennings, Westinghouse 
Electric Corp 

Engineers Club—8:00 P.M., 
“Welding of the 8.8. United 
States,’ L. F. Bledsoe, New- 
port News Shipbuilding 
and D. D. Co. 

Engineers Club 


Dec, 19 


Jan. 30 


8:00 P.M., 


T. B. Jefferson Addressing October 4th Susquehanna Valley Meeting 


NoveMBer 1950 


Section Activities 


‘Building for the Nations,” 
speaker to be selected by 
the U.S. Steel Corp. 
Engineers Club—8:00 P_M., 
Welding of Automobile 
Bodies,” Jack Ogden, 
Fisher Body Division, 
General Motors ¢ orp 
Fourteenth Anniversary Din- 
ner, Address by H. W. 
Pierce, New York Ship- 
building Corp 


March 27 


April 24 


Western Michigan 


The first fall West- 
ern Michigan Section was held on Monday 
evening, September 25th at the Elks 
Temple Cafeteria. The dinner was at- 
tended by 71 members and guests, and all 
enjoyed a very well prepared meal, cafes 
teria style 

The meeting was on Resistance Welding 
and was attended by about 80 members 
and guests E. J. Del Veechio of the 
Swift Electric Welder Co., Detroit, gave a 
very interesting lecture, along with a film 
on Resistance Welding supplied by Har- 
vey Wheeler of the Arthur B, Sonneborn 
Co, 

The merits of the speech were proved by 
the interest shown and many questions 


asked. 


meeting of the 


Wichita 


Dinner meeting was held on September 
lith at Geo, C. Christopher & Son Tron 
Works, Wichita, Kan 

The subject, “Welding Zine Base Die 
Castings,’ was excellently presented by 
V. A. Henry of the Bendix Products Divi- 
sion, Bendix Aviation Corp 

Before the technical session a motion 
picture Introduction to Die Casting” 
was shown through the courtesy of the 
New Jersey Zine Co 

What's New in Welding and Industry,” 
was discussed by several members extem- 
poraneously 


Worcester 


The September 27th meeting of the 
Worcester Section was held at the Tower 
House, with 70 members and guests pres- 
ent. The preceded by the 
showing of a new movie, entitled 
“Worcester, the Industrial ¢ apital of New 
England,” which was very well received, 

Following the dinner, T. B. Jefferson, 
Editor of The Welding Engineer presented 
a very interesting talk on ‘“Welding—It’'s 
Role in America’s Future During his 
talk, Mr. Jefferson brought out what he 
calls the five 
overcome before 


dinner was 


color 


stumbling blocks’’ to be 
welding can find its true 


place in industry. These were the old 
problem of riveted vs. welded design; 
over-emphasis on locked-in stresses; the 
question of whether welding is a tool or a 
trade with the jurisdictional problems of 


unwilling- 
rs without a 


labor that are involved: the 


ness of older consulting enginet 
welding engineering background to accept 
welding educa- 
publie at 


welded design the need of 
tion in the schools and to the 


large 
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Canadian Welding Society- 
Montreal Chapter 


Feb, 5—“‘ Modern Uses of Are Welding,” 
Richard L. Sherwood, Hobart 
Brothers Co. 
March 5—‘‘Film Night” 
April 2—‘Resistance Welding Night” 
(Elections) 
May 7—‘‘New Developments in Weld- 
ing,” General Electrie Co. 


Toronto Chapter 


Program of coming meetings is as fol- 
Monthly get-together meetings will be lows: 

held on the third Monday of each month 

in the Marine Room of the Cafe St. 

Jacques, 415 St. Catherine St., East. 


Dec. 4—‘‘Induction Brazing and Indue- 
tion Heating,” H. B. Os- 
born, Jr., Toco Division, 
Ohio Crankshaft Co. 

Jan. 8—‘“Toronto Chapter Speakers 
Night” 


September 1, to September 30, 1950 


ARIZONA 


Ames, Don (C 
Davenport, Clarence (C) 
Germaine, Robert (C) 
Herzog, George (C) 
Phares, Robert (B) 
Pieri, Ernie (C) 


BIRMINGHAM 
Horne, Charles T. (B) 


CHICAGO 


Bonds, 8. 8. (C) 
Hupertz, Frank J. (C) 
Mattson, Frank EK. (C) 
Privoznik, Louis J. (C) 
Sheridan, Walter W. (C) 


CINCINNATI 
Jackson, Mare (B) 
CLEVELAND 


Benner, Robert (C) 
Halloran, James C..(C) 
Herrick, Clayton B. (C) 
Meek, Frederick C. (C) 
Sicherman, Harold L. (C) 
Taylor, 8. M. (C) 
Vactor, Charles 8. (C) 
Wellendorf, Frederick (C) 


COLORADO 

Scott, F.C. (C) 
COLUMBUS 

Sopher, Raeman (B) 
Williams, Arthur J. (B) 
DAYTON 
Rauch, L. C, (B) 
DETROIT 


Black, Harry B. (B) 
Boyd, W. FE. (C) 
Morton, George D. (B) 
Schouster, Earl J. (B) 
Taylor, David A, (C) 


HARTFORD 


Anderson, Allan G. (B) 
Bauer, Frank B. (B) 
Crowley, Edmund J. (C) 
Firestone, Gustave A, (B) 
Kalber, William P. (B) 
Lefebre, Alfred (C) 
Ottavi, Victor (C) 
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Rusch, Richard (B) 

St. Cyr, Joseph (B) 
Welch, L. K. (C) 
Whitney, Thomas A. (C 
HOUSTON 

Blair, Willie E. (C) 
Brandt, William T., Sr. (B 
DeZavala, L. K. (C 
Elam, Nolen E. 

Lewis, Walter T. 
Lindinger, Joe L. 
Meyers, G. W. (C) 
Pattillo, 8. M. (C) 
Willbern, Roy (C) 


INDIANA 
Bussell, Fred 5. (B) 


LOS ANGELES 
Elmer, David A. (C) 
Hansson, M. (C) 
MARYLAND 
Smith, Ray D. (C) 


MICHIANA 

Biroeci, Richard D. (C) 
Gafke, Harry (C) 
Lavengood, Thom. H. (C) 
Weis, John C., Jr. (C) 
Wishart, Walter W. (C) 
MILWAUKEE 


Jansen, Richard L. (B) 
Keim, Lee J. (C) 
Noebel, Carlton (C) 
Schneller, Alfred R. (B) 
Soika, Emil (C) 

NEW JERSEY 


Clinton, Edward J. (C) 
Fodor, Joseph M. (C) 
McElrath, Thomas, Jr. (C) 
Perry, B. H. (B) 

Yaezko, Stephen (C) 

NEW YORK 

Glickman, Bernard (B 
NIAGARA FRONTIER 
Snow, R. K. (C) 


NORTHERN NEW YORK 


Heckman, Richard L. (C) 


Wassell, Frank A. (C) 


NORTHWEST 
Collodora, Louis J. (B) 
Ellig, Donald B. (C) 
Hanvey, Fred W. (C) 
Sage, Lauren, W. (C) 
PASCAGOULA 
Holder, Edward H. (C) 


PHILADELPHIA 
Hitcheock, R. B. (B) 
MeFall, Thomas (C) 
PITTSBURGH 

Kunkler, Lawrence W. (C) 
ROCHESTER 

Boss, Robert G. (C) 
Pickering, Robert J. (C) 
ST. LOUIS 

Law, N. J. (C) 


SAN FRANCISCO 
Mack, Bernhard V., Jr. (B) 


SUSQUEHANNA VALLEY 
Reedy, Fred O. (B) 


TOLEDO 
Braithwaite, Robert J. (C) 


WASHINGTON 
Pellini, William 8. (C) 


WESTERN MICHIGAN 


Aldrich, Robert H. (C) 
Anderson, Edwin J. (B) 
Fritz, D. B. (C) 
Hedges, Clyde A. (B) 
Hill, Gordon L. (C) 
Plating, Jack (B) 


WICHITA 

Eades, J. D. (C) 

Noonan, Charles F. (C) 
Parsons, Earl G. (B) 
Smith, Glenn E. (C) 
WORCESTER 

Doherty, Cornelius J. (C) 


List of New Members 


NOT IN SECTIONS 


May, C. F. (C) 
Phillips, Arthur V. (C 
Roberts, R. H. (C) 


Reclassi- 


Members 
fied 
ANTHONY WAYNE 


Cary, Carl G. (C to B 

Clark, Max (C to B) 

Cushing, William M. (C to B 
Geiser, Jacob 8. (C to B) 


CHICAGO 
Szymko, Chester T. (C to B 


CLEVELAND 


Cowles, Walter C. (C to B 
Jarms, J. J. (C to B) 


COLUMBUS 

Green, Roberts (Bto A 
DETROIT 

Plummer, William R. (B to A 
HOUSTON 

Reitz, Paul F. (C to B 


KANSAS CITY 


Brown, Andrew A. (C to B) 
Olson, Ralph A. (C to B) 


LOS ANGELES 

Stoddard, Kenneth J. (C to B 
NEW YORK 

Grover, LaMotte (C to B 
PEORIA 

Peters, E. Donald (C to B 
PHILADELPHIA 

Hussey, Frank W. (C to B 
SAGINAW VALLEY 
Thomas, Morris D. (C to B 


TULSA 
Geppelt Elmo W. (C to B 
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The Effect of Nitrogen on Brittle Behavior ol 


Mild Steels 


® The effect of any one of the variables which affect the brittle be- 
havior of mild steel plates such as nitrogen, for example, cannot 
be treated separately as each is interrelated with other variables 


by G. H. Enzian and G. J. Salvaggio 


Abstract 


Investigation of the brittle behavior of mild steel plates has 
shown that the effect of nitrogen may not be as pronounced as 
previously indicated. Several steelmaking and processing vari- 
ables exert considerable influence on this behavior, and these 
must be considered in evaluating the significance of variations in 
nitrogen content. 

In steels with low Mn/C ratios, little or no change in brittle 
behavior was found with nitrogen variations within the range 
normally obtained by various open-hearth practices. Steels with 
higher Mn/C ratios exhibited, in general, somewhat better proper- 
ties, but these were more susceptible to variation with change in 
nitrogen content. 

Some interesting observations are made concerning compari- 
sons of tests and criteria used to determine transition tempera- 
tures. A good correlation was found between ductility transition 
temperature and sensitivity to cold work 


INTRODUCTION 


HE brittle behavior of normally ductile steels under 
certain conditions of testing or service has intrigued 
metallurgists for many years. Sixty years ago, 
Henry Marion Howe, in his classic text The Metal- 
lurgy of Steel, devoted a chapter to “The Treachery of 


G. H. Enzian is Assistant Manager and G. J. Salvaggio is Research Engineer 
Metallurgical Research Division, General Technical Dept Jones & 
Laughlin Steel Corp., Pittsburgh, Pa 


Presented at the Thirty-first Annual Meeting A.W.S., Chicago, Ill, week of 
Oct. 22, 1950. 
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Steel” in which he discussed inexplicable, brittle-type 
failures of steel in service. ‘Two of the better known 
cases which he mentioned were the ‘‘Lividia’’ and the 
““Maginnis’’ cases of boiler plate failure, in which steel 
of satisfactory soundness and ductility, by all standard 
laboratory tests, mysteriously failed abruptly in service. 

In recent years, the brittle behavior of mild steels 
has become a matter of public as well as technical con- 
cern as a result of a number of structural failures en- 
countered in welded Liberty Ships during the past war. 
The frequency of these failures, and the catastrophic 
consequences of some of them, stimulated a tremendous 
amount of investigation and research which, in the past 
few years, has produced a large number of technical 
papers dealing with causes for brittle behavior, and 
with methods for evaluating the susceptibility of steels 
to embrittlement. 

Some of the more recent papers on factors affecting 
brittle behavior of steel have placed considerable im- 
portance on the nitrogen content. Perhaps the strong- 
est statement concerning this element in steel appeared 
in a discussion of papers on brittle fracture of mild steel 
plates.' It was stated rather broadly “Since any 
steel with a high nitrogen content is very prone to brit- 
tle fracture this alone should be sufficient to condemn 
(Project) Steel C.””. Such a position on nitrogen should 
be supported by quantitative information as to how 
much nitrogen in the steel constitutes a “high nitrogen 
content.”’ In addition, consideration should be given 
to other factors which may be equally as important as, 
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or which may influence, the effect of nitrogen on the 
properties of the steel. 

As a result of considerable investigation of factors 
affecting the quality of commercial steels, Graham,’ in 
1932, reached the conclusion that nitrogen was probably 
the most influential element in steel affecting its ‘‘sensi- 
tivity,’ which was defined as ‘“‘the characteristic reac- 
fion rate . . . toward brittleness or hardness.” Subse- 
quent work based on this concept provided considerable 
information on the effects of small amounts of nitrogen 
on the behavior of steel under conditions of cold working 
and aging.*~* In view of current interest in low tem- 
perature properties of plate steels, it was felt desirable 
to expand the scope of previous work to include study 
of the effect of nitrogen variations on the behavior of 
mild steels at low temperatures. 

The present paper summarizes the results obtained 
on a number of commercial plate steel heats using sev- 
eral tests for determining susceptibility to brittle frac- 
ture. The steels were made with deliberate variations 
in open-hearth steelmaking practices to obtain a range 
of nitrogen contents which might be encountered in the 
commercial production of the grade by different pro- 
ducers. Most of the heats were made with a Mn/C 
ratio of approximately 2.0, and a few were made with 
higher manganese and lower carbon contents to obtain 
a Mn/C ratio of about 4.5 to 5.0. 


EVALUATION OF BRITTLENESS 


A large number of tests and criteria have been used 
by numerous investigators*-'* in the evaluation of 
brittleness of mild steels. The majority of tests are 
similar in that notched specimens are fractured, either 
slowly or in impact, over a range of temperatures, and a 
temperature at which a transition from ductile to brittle 
behavior occurs is used to rate the merit of the steel. 
Considerable work has been carried out in this connee- 
tion in an attempt to find a suitable small scale test 
which will satisfactorily predict performance under 
actual service conditions, but none has attained uni- 
versal acceptance. Some of the more common tests 
used include the standard keyhole-notech Charpy im- 
pact, the V-notch Charpy impact, the Penn State slow 
bend®-* (Sehnadt type specimen), the Lehigh slow 
bend*~"’ and various notched specimens pulled in ten- 
sion.!!~!* 


Attention has recently been called* * to the existence 
of two types of transition; these have been termed the 
“fracture” and the “ductility” transition temperature. 
The former is measured by noting whether the appear- 
ance of the fracture is predominantly fibrous (shear or 
ductile) or predominantly crystalline (cleavage or 
brittle) in nature. The “ductility” transition tempera- 
ture occurs at a lower temperature and is characterized 
by a change from high to low energy absorption during 
fracture, or the disappearance of all evidence of plastic 
deformation before complete rupture occurs. Another 
way of viewing the difference between these two transi- 
tions is that the “fracture’”’ transition temperature 
represents the maximum temperature at which a crack 
propagates in a brittle manner, and the “ductility” 
transition temperature is related to the initiation of the 
crack which ultimately causes fracture. The distine- 
tion between these two transitions becomes important 
especially when an attempt is made to correlate results 
of laboratory tests with service performance, or to show 
a relationship between the various tests. 

Vanderbeck and Gensamer'® have shown relation- 
ships between small scale tests and service performance 
of mild steel plates obtained from ships which had ex- 
perience failures. Emphasis was placed on the impor- 
tance of small amounts of ductility observed at the base 
of the notch, and on low energy levels associated with 
this behavior. Good correlation between low energy 
levels obtained in V-notch Charpy tests and service 
performance was shown. In addition, it was shown 
that the transition zone observed in the keyhole-notch 
Charpy test was truly a ‘ductility’ transition zone 
since 100° cleavage fracture with no shear directly 
below the notch was noted when low energy was re- 
quired to produce fracture. Similarly, in tests where 
lateral contraction is used as a criterion, it was pointed 
out that ductility transitions can be determined from 
measurements made directly below the notch. 

Fracture transition temperatures determined from a 
visual examination of the fractured surface correlate 
well with several other measurements made in the vari- 
ous tests. For example, it has been shown'* that transi- 
tion temperatures determined from the V-notch Charpy 


test are probably a measurement of the fracture transi- 


tion temperatures. In the case of the Penn State slow- 


bend test, transition temperatures based on the lateral 


Table 1-—Chemical Composition of Steels Tested 


Cu 
0.06 
0.06 
0.03 
0.04 
0.05 
0.06 
0.04 
0 04 
0.08 
0.05 
0 06 
0.06 


538-s Enzian, 


| 
= 

a 

Vn/C 
a Code ¢ Mn P Si Ni Cr Vo V, ratio 

05 0.22 0.55 0 020 0.030 0.09 0.04 0.07 0.01 0.005 2.50 
51 0.22 0.50 0 016 0 026 0.09 0.03 0.02 0.01 0.006 2.27 
yt 86 0.21 0.46 0.017 0.024 0.09 0.03 0.02 0.01 0.008 2.19 ; 
a 18 0.22 0.49 0 018 0.026 0.10 0.04 0.03 0.01 0.008 2.22 

_ 30 0.23 0.49 0.012 0.030 0.10 0.04 0.02 0.01 0.008 2.13 

a 13 0.26 0.48 0.017 0 027 0.09 0.04 0.02 0.01 0.009 1.85 

a 15 0.21 0.49 0.018 0.028 0.08 0.03 0.02 0.01 0.011 2.33 

‘e 10 0.21 0.47 0 018 0.034 0.08 0.03 0.03 0.01 0.011 2.24 

a 02 0.20 0 90 0 020 0 034 0.03 0.04 0.03 0.01 0.005 4.50 

4 87 0.16 0.84 0 015 0 034 0.08 0.03 0.02 0.01 0.006 5.25 } 

E. 00 0.21 0.99 0 025 0 029 0.04 0.03 0.02 0.01 0.009 4.70 

a 97 0.15 0.78 0.018 0 024 0.05 0.04 0.02 0.01 0.010 5.20 oe] 
ag 
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contraction at the base of the drill hole, correlate well 
with those from fracture appearance.'* 


MATERIAL AND METHODS 

The steels used in this investigation were semikilled 
mild steels in which the steelmaking practice was varied 
to produce different nitrogen contents. In addition, 
four of the steels were made with higher Mn/C ratios 
to determine the effect of this variable. The chemical 
composition of the steels is listed in Table | in the order 
of increasing nitrogen content and grouped into two 
ratio (1.85 to 2.50 and 4.50 to 5.25). 


Test specimens were all taken from midway between 


ranges of Mn/C 


5/s-in. plates rolled from the 
The hot 
rolling finishing temperatures were between 1820° and 
1860° F., with the exception of Steel 87 which finished at 
1900° F. 

Results of static tensile tests showed yield strengths 
31,500 36,250 


the center and edge of 
second cut of the middle ingot of each heat. 


between and psi., ultimate tensile 


Fracture transition temperatures were determined 
from the V-notch Charpy test, and from lateral con- 
traction measurements at the drill hole of the Penn 
State slow-bend test specimen. 

Ductility transition temperatures were obtained from 
the keyhole Charpy test, low energy level (10 ft.-lb.) in 
the V-notch Charpy test, and the lateral contraction 
at the base of the notch in the Penn State slow-bend 
test. 

The dimensions of the various test specimens used in 
this investigation are shown in Fig. 1. 


TEST RESULTS 

Typical results obtained from the different low-tem- 
perature tests are shown in Figs. 2 to 4. From curves 
such as these the fracture and ductility transition tem- 


peratures were determined using the following criteria: 


(A) Charpy keyhole tests: A temperature at about 
the midpoint of the transition range was con- 


sidered the ductility transition temperature. 


strengths between 59,000 and 66,000 psi., elongations (B) Charpy V-notch tests: 
in 8 in. between 25.0 and 34.0% and reductions of area 1. A temperature at about the midpoint of the 
between 51.0 and 64.5°%. transition range was considered the frac- 
The susceptibility of the various steels to embrittle- ture transition temperature. 
ment by cold work and aging was determined from the 2. The temperature at which 10 ft.-lbs. were 
work-brittleness test suggested by Graham and Work." absorbed was taken as the ductility tran- 
Briefly, this test consists of cold drawing a round bar, sition temperature. 
tapered from 0.450 to 0.475 in diameter, through a (C) Penn State slow-bend tests 
0.450-in. die. The drawn bar, with cold work varying 1. The temperature at the center of the abrupt 
from 0 to about 10°; reduction in area along its length, decrease in lateral contraction at the drill 
is notched at regular intervals and broken in an Izod hole was regarded as the fracture transi- 
machine. tion temperature. 
2. The temperature at which 
the lateral contraction 
at the base of the notch 
: + ' was equal to that at the 
4 } drill hole at the fracture 
VG a C) tility transition tem 
AT NOTCHES wows = > ars 
@® - peratures determined from the vari- 
li tan tests is shown in Table 2. Also in- 


SLOW BEND TEST SPECIMEN 


Fig. 1 
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Test specimens used in this investigation 


Vitrogen in Brittle Behavior 


cluded in the table are the values for 
Project Steels A and C, taken from 


the report. of Klier, Wagner, and 
Gensamer.® (The temperature for 10 
ft.-lb. V-notch Charpy was deter- 


mined from curves plotted for these 
steels; the other values were tabu- 
lated in the paper. 

The work-brittleness test was used 
the effect of cold work 
and aging on the room temperature 
One group 


to evaluate 


toughness of the steels. 
of specimens was broken immediately 


after being drawn and notched, while 
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Fig. Typical impact data obtained from the V-notch 
Charpy impact test—Steel 97 


PERCENT COLD WORK 


Fig. 5 Typical work-brittleness curves for two steels with 
another group was aged for 1 hr. at 450° F. before ™ ‘ane nitrogen but with “igerent Ma C ratios 


testing. Some typical curves of the test results are 

shown in Fig. 5. In order to describe the strain-sensi- embrittlement” was used. This index, which has been 
tivity more easily than by the use of separate curves for used in previous work,® is merely the sum of the Izod 
each steel, a quantitative index called the ‘E-index of values obtained at each percentage of cold work, includ- 


Table 2—Summary of Transition Temperatures 


Fracture transition, ° F. -— Ductility transition, ° F. . 
Penn State Charpy-V at Charpy Penn Stat 
Charpy-V drill hole 10 ft.-lb. keyhole base of notch 
—50 
—65 
—55 
—65 
—60 
—60 
— 60 
—80 
—85 


—75 


Preaject,* 
Steel A 

Project,* 
Steel C 


to 
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Steel % ratio 4 
05 0.005 50 
51 0 006 27 ; 
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13 0.009 85 

15 0 011 33 

us? 10 0.011 24 

02 0.005 50 

87 0 006 25 

2a 00 0.009 70 30 5 25 70 ss 
; 97 0 010 85 55 25 40 _ 20 

0 004 90 40 40 0 93 4 

} 

0.009 100 95 40 15 
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ing the unstressed value, and is a relative measure of the 


area under the 


work-brittleness curve. 


Clearly, an 


insensitive steel will have a high index while a sensitive 


steel will have 


a low 


index. 


The E-index 


each of the steels are shown in Table 3. 


values for 


Table 3—Work-Brittleness Test Results 


\ itrogen, 
005 
006 
OOS 
008 
008 
009 
O11 
005 
006 
009 
010 


or 


c 


k-inder of 
Embrittlement 


U'naged 
286 
151 
180 


Aged 
134 
91 
91 
75 
87 
102 
132 
170 
301 
322 


DISCUSSION OF RESULTS 


Transition temperatures obtained from the different 
low temperature tests are plotted against nitrogen con- 
tent in Figs. 6 to 10. 
were available, Project Steels A and C were plotted 
along with the points for the present investigation. The 


In those cases where the data 


curves of fracture transition temperature vs. nitrogen 
(Figs. 6 and 7 
affected by the nitrogen content. 
crease in nitrogen from 0.005 to 0.011% resulted in an 
increase in the fracture transition temperature. How- 
ever, Figs. 8, 9 and 10 show that there was no significant 


show that this type of transition was 
In general, an in- 
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Fig. 6 The effect of nitrogen on the transition temper- 
ature as determined from the V-notch Charpy test 
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Fig. 7 The effect of nitrogen on the transition temper- 
ature as determined from the contraction at the drill hole 
in the Penn State slow-bend test 
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Fig. 8 The effect of nitrogen on the transition temper- 
ature as determined bythe keyhole Charpy impact test 
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The effect of nitrogen on the temperature at 10 ft.- 
lb. in the V-notch Charpy impact test 


Fig. 9 
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Fig. 10 The effect of nitrogen on the transition temper- 
ature as determined from the contraction at the base of 
the notch in the Penn State slow-bend test 


change in ductility transition temperature in any of the 
tests with change in nitrogen in the steels with a Mn/C 
ratio between 1.85 and 2.5 

Attention is called to the location of the reported key- 
hole Charpy transition temperatures for Project Steels 
This 
was the only instance of marked disagreement between 


A and C in Fig. 8 in relation to the present tests. 


the Project Steels and the steels used in this investiga- 
tion and was not noted until the test results were as- 
that the 
apparent discrepancy in this case is related to the 


sembled. The authors are of the opinion 
method of interpretation of the test results rather than 
to an actual difference in transition temperatures of the 
steels. 

The steels with a higher Mn/C ratio (4.50 
pear to behave differently from those with the lower 
Mn/C ratio. 
ture and the ductility transition temperature was lower. 


5.25) ap- 
First, the general level of both the frac- 


Secondly, with a higher Mn/C ratio, the ductility tran- 
sition temperature increased with increase in nitrogen 
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tests aged for I hr. at 450° F. before testing 


content, whereas this transition temperature for the 
lower Mn/C ratio steels was apparently not affected by 
Variation in nitrogen content between 0.005 to 0.011°%. 
A summary of the work-brittleness test results are 


slotted in Figs. 11 and 12. Nitrogen had little or no 
ffect on the steels with a low Mn/C ratio but was 
hown to be detrimental to the high Mn/C steels. 
lowever, in general, the steels¥with the high Mn/C 
atio were less sensitive to cold work than those with 
ow Mn/C ratio. Aging for 1 hr. at 450° F. inereased 
he sensitivity of both groups, but the general relation- 
hips with regard to nitrogen variations remained essen- 
ially unchanged. 


CORRELATION OF TESTS 


An attempt was made to correlate the results ob- 
tained from the various tests used in this investigation, 
taking into consideration the criteria used in each case 
for evaluating brittle behavior. Although most of the 
transition temperatures (especially the ductility transi- 
tion) fell within a fairly narrow range, the correlations 
obtained are good. In Figs: 13 to 16, the solid lines 
represent the relationships calculated by the method 
of least squares, while the dotted lines represent the 
standard deviation, ¢, from the regression line. 

Figure 13 shows the correlation between the fracture 
transition temperature determined by the V-notch 
Charpy and the Penn State slow-bend test. Most of 
the points fall reasonably well within a scatter band 
representing a spread in the Charpy V-notch transition 
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temperature of roughly 15 to 35° F. higher than that 
determined by the slow-bend test. 

The relation between ductility transition tempera- 
tures determined from the Penn State slow-bend test 
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Fig. 13 Correlation between the transition temperature 
determined from the contraction at the drill hole in the 
Penn State slow-bend test and the transition temperature 
in the V-notch Charpy test 


-20 - — 


TRANSITION 
TEMPERATURE 
FROM NOTCH 
PENN STATE 
SLOW BEND 


-20 i?) 20 40 60 80 
TEMPERATURE AT IO FT -LBS 
V-NOTCH CHARPY -°F 


Fig. 14 Correlation between the transition temperature 

determined from the contraction at the base of the notch 

in the Penn State slow-bend test and the temperature at 
10 ft.-lb. in the V-notch Charpy test 
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Fig. 15 Correlation between the temperature at 10 ft.-lb. 
in V-notch Charpy test and the transition temperature in 
the keyhole notch Charpy test 
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Fig. 16 Correlation between the unaged work-brittleness 
test results and the temperature at 10 ft.-lb. in the V- 
notch Charpy test 

and for 10 ft.-lb. V-notch Charpy is shown in Fig. 14. 

These results show considerable variance between the 

transition temperatures obtained in the two tests, with 

the slow-bend test giving values that seem unreason- 

ably low. 

The relationship between the temperature for 10 
ft.-lb. V-notch Charpy and the ductility transition tem- 
perature for keyhole Charpy specimens is shown in Fig. 
15. The correlation seems quite good, but the tempera- 
tures determined from the keyhole test average a few 
degrees higher than those for the same steels in the V- 
notch test. These results are opposite from those found 
by Vanderbeck and Gensamer'® by about the same order 
of magnitude. Their results indicate the V-notch tem- 
perature at 10 ft.-lb. to be slightly higher than the key- 
As pre- 
viously mentioned in discussion of the keyhole Charpy 


hole-notch ductility transition temperature. 


test results, the authors believe that such discrepancies 
may be inherent to the lack of a precise reference point 
for determining the keyhole Charpy transition tempera- 
ture. 

The correlation shown in Fig. 16 between strain- 
sensitivity, as determined from work-brittleness tests in 
terms of the ‘‘E-index,”’ and the temperature at 10 ft.- 
Ib. V-Charpy is particularly interesting. Work-brittle- 
ness tests are considerably easier and less expensive to 
make than other tests which have been proposed to 
determine transition temperatures. The work-brittle- 
ness test has been used in laboratory investigations for 
a number of years, and it has been found that strain- 
sensitivity is a useful measure of quality in predicting 
the probable behavior of steel in fabrication and service, 


particularly under conditions involving cold working 


and/or strain-aging. The results of the present tests, 
showing direct correlation between strain-sensitivity 
and loss of ductility at low temperature, indicate that 
information already available on factors affecting strain- 
sensitivity should also be applicable to the problem of 
brittle fracture of ship plate steels. In addition, it 
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would seem that the work-brittleness test provides a 
simple and inexpensive method for evaluating the rela- 
tive susceptibility of ship plate steels to brittle fracture. 


SUMMARY AND CONCLUSIONS 


The results obtained in the present investigation indi- 
cate that variations in nitrogen content between 0.005 
and 0.011% have little effect on the notch sensitivity 
of semikilled mild steels with a low Mn/C ratio (1.85 
2.50) if certain criteria are used for evaluation. Cri- 
teria based on low-energy levels in the V-notch Charpy 
test, which correlate well with certain service condi- 
tions, or ductility transition temperatures in the key- 
hole notch Charpy and Penn State slow-bend test 
clearly show this. 

Evaluation of notch sensitivity based on other cri- 
teria may lead to entirely different conclusions regard- 
For example, many tests 
6, 12, 16 


ing the effect of nitrogen. 
performed on. Navy Project Steels A and C, 
which were similar in composition but contained difé 
ferent amounts of nitrogen, have shown dissimilag 
properties. It was concluded that these dissimilarities 
were caused primarily by the difference in nitrogen cons 
tent. Data for these two steels taken from Klier; 
Wagner and Gensamer® have been plotted on some of 
the curves obtained from results of this investigation 
(Figs. 6 to 9). With the exception of transition tem¢ 
peratures determined from keyhole Charpy tests, the 
values for Project Steels A and C agree fairly well with 
those obtained in the present study. Results based on 
the contraction at the drill hole in the Penn State slow- 
bend test (Fig. 7), indicate that nitrogen is detrimental 
when notch toughness is evaluated in terms of fracture 
transition temperature. However, when ductility tran- 
sition temperatures or low energy levels are used (Figs. 
8, 9, 10) such an effect of nitrogen is not apparent. 

In steels of higher Mn/C ratios (4.50-5.25), despite 
the fact that nitrogen does show an adverse effect on the 
brittle behavior, the general level of transition tem- 
perature (both fracture and ductility) remains below 
those steels with a Mn/C ratio of 1.85-2.50. This be- 
havior has been supported mainly by Tipper, et al.,"* 
while others'®'® have shown that the Mn/C ratio had 
little or no effect. Although this investigation has in- 
cluded only two ranges of Mn/C ratios, the results indi- 
cate that this value is important and must be considered 
in establishing specifications for steel based on chemical 
composition. 

On the basis of these test results, it seems evident 
that factors other than nitrogen may materially affect 
the apparent brittle behavior of mild steels, and that 
discrimination between steels of this type based on 
nitrogen content alone is not entirely justified. 
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Carbon Alloys 


by E. M. Mahla and R. B. Hitchcock 


INTRODUCTION 


ITH the rapid development of production facili- 

ties for ductile titanium, interest in this unusual 

metal and its alloys has reached into most fields 

of engineering endeavor. Because of its at- 
tractive strength/weight ratio, its intermediate-tem- 
perature properties and its corrosion resistance, interest 
has been particularly high in the aircraft industry, as 
well as in other parts of the transportation industry. 
The chemical industry is attracted by its excellent cor- 
rosion resistance.! 

The common methods of preparation of titanium 
metal have been reported in detail®* as have data per- 
taining to mechanical and physical properties and 
corrosion resistance.‘ Several papers on the welding 
of titanium have been published,5~* and it has been 
demonstrated that titanium is readily welded by the 
inert-gas shielded tungsten arc process and by the 
common methods of resistance welding. Some of the 
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Effect of Welding on the Properties of Titanium- 


® Inert-gas shielded tungsten arc process satisfactory for weld- 
ing titanium carbon alloys. 
sents maximum for ductile welds in the as-welded condition 


A carbon content of 0.25% repre- 


data published on welding indicates that a probable 
relationship exists between carbon content and weld 


ductility. The present work was undertaken to con- 
firm the relationship and to determine tentative limits 
on carbon content to give ductile welds in the as-welded 
condition. Such information will be controlling on the 
method of melting, particularly for sheet stock, which 
must be readily welded for fabrication into much of the 
equipment for which the metal appears best suited. 


EXPERIMENTAL PROCEDURES 


Materials 


When this investigation was undertaken, samples of 
titanium sheet were at a premium and it was impossible 
to secure the complete range of carbon contents needed 
with other composition and processing variables held 
constant. Therefore, commercial titanium sheet was 
obtained from several sources to provide the range of 
carbon content herein reported, and as a result, the gage 
of the sheet varied over a relatively wide range. In 
many instances insufficient material was obtainable 
to carry out all the desired tests. The carbon and 
nitrogen analysis for these materials are given in Table 
1, along with the sheet thickness. 
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Table 1—Carbon and Nitrogen Analysis and Sheet Thick- 
ness of Titanium Alloys Used 


Carbon, 


Nitogen, % Thickness, in. 
0.030 O84 
062 
055 
053 
071 
125 
062 


060 


034 
017 
030 
031 


0 

0 

0 

0 

0 

0 

0 

0 

0 

010 0 
025 0 
023 0 
028 0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


074 
055 
010 
010 
146 
060 


040 
021 
Oll 
035 
019 
0.049 


125 
500 (welded with filler rod 
780% C, 0.035% N) 


Welding 


The affinity of titanium for hydrogen, oxygen and 
nitrogen at temperatures above 880° C. (1616° F.) is 
high; sufficient contamination by these elements results 
in brittleness of the material. At the present time, the 
inert-gas shielded tungsten are-welding process provides 
the best means for preventing exposure of the hot weld 
metal to the atmosphere during and after welding. 
This method was employed for these tests with argon 
as the inert gas and was apparently successful in pro- 
viding adequate protection and avoiding serious con- 
tamination from the atmosphere. In order to avoid 
any complications from the addition of filler metal, 
all welds (except in the 0.500-in. material) were made 
by fusing abutting edges together. The samples were 
clamped tightly to a grooved '/,-in. thick copper plate 
with the weld seam directly over the shallow groove. 
Complete gas coverage of all weld metal was indicated 
by the bright, clean, shiny surfaces of the completed 
weld. For the most part, manual welds were made. In 
all cases direct-current straight polarity was used. 
Typical welding conditions are presented in Table 2. 
Weld seams varied in length from 2 to 10 in. 


Table 2—Typical Welding Conditions for Titanium-Carbon 
Alloys 


Speed of 
Thickness, Current,* Tungsten, Argon, welding, 
in. amp. Voltage . fh. in./min 
0.055 115 2 
0.062 125 2% 
0.071 120 j / 12 
0.077 125 { 7 8 
0.083 135 2 
0.114 140 2 : 10 
0.125 195 10 


* Direct-current straight polarity. 
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Three of the welds tested in this work were made in 
an argon-filled box employing a conventional inert-are 
torch with argon flow,in addition to the box atmosphere. 
These welds were made by the Development Division 
of The Linde Air Products Co. 

Some welds were annealed for '/2 hr. at 1400°, 
1800°, 1900° and 2000° F. in an argon atmosphere and 
water quenched, cooled in argon, or furnace-cooled to 
determine the effect of short-time heat treatment on 
bend ductility. 


Test Procedure 


Bend Test. Formability of sheet metal is of critical 
commercial importance, and suitable bend ductility is 
mandatory in order to obtain widespread use of any 
new metal. One laboratory bend test which can read- 
ily be reproduced for evaluation of bend ductility 
has been employed by several investigators. This test, 
a type of guided free bend developed by the Remington 
Arms Co.,° involves the use of small forming dies suit- 
ably incorporated in a jig. The jig is employed in the 
following manner: suitably prepared weld samples (all 
weld reinforcements removed, and all surfaces sanded 
smooth in the longitudinal direction) are placed with 
the weld seam across the open female die. The bend 
radius is determined by manually forcing the sample 
into the female die with the guided male die, upon which 
pins of different radii can be placed. The maximum 
bend of the die is 100-105 
members of the dies meet with the sample sandwiched 


, at which time the mating 
between them and around the pin. If cracking of the 
sample is observed during bending, the angle through 
which it has bent is measured and the next larger pin is 
used on a duplicate sample. If a sample bends satis- 
factorily to the maximum of the jig with the smallest 
available pin (smallest radius), it is manually bent to 
failure or flattened to 180°. The smaller the bend ra- 
dius which a sample withstands, the more ductile the 
material. The term bend radius is used to denote the 
ratio of sample thickness to pin radius and is given the 
nomenclature 1.5T, 3.0T, ete. A 1.5T bend radius for 
material 0.062 in. thick (approx. '/j, in.) means that 
sample bent to the maximum of the jig employing a pin 
whose radius is #/3» in. 

Tensile Test. When sufficient material was avail- 
able, standard reduced-section tensile specimens were 
prepared and tested. In these tests, ductility was 
measured over three different gage lengths centered at 
the weld, i.e., in., in. and 2 in. This was done in 
order to define better the tensile ductility of the weld, 
heat-affected zone and base metal. 

In order to determine if welding 
of carbon-containing titanium had an effect on cor- 


Corrosion Test. 


rosion resistance analogous to that of welding in stainless 
steels, representative samples of welded sheet contain- 
ing 0.015, 0.264, 0.500 and 0.800°% carbon were exposed 
to the following corrosive media for 240 hr.: 


(a) 65% nitric acid, boiling (five 48-hr. periods). 
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0.015 
0.020 
0.040 
0.056 
0.068 
0.092 
0.100 
0.113 14 
0.150 087 
0.250 0 062 
0.264 0 083 
é 0.332 0 125 
0.345 0 055 
0.385 
0.400 0 066 
0.400 0 062 
0.460 0 062 
0.465 0 O86 
0.495 0 062 
0.500 O85 
0.500 O86 
0.503 125 
0.647 077 
0.800 14 
0.900 
1.070 
| 
g 
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(b) 1% Sulphuric acid, 80° C. (24-, 96-, 96-, 24-, hr. 
periods). 
3% Hydrochloric acid, 80° C. (24-, 96-, 96-, 
24-, hr. periods). 
40% Sodium hydroxide, 80° C. (24-, 96-, 96-, 
24-, hr. periods). 
40% Cuprous chloride, boiling (24-, 96-, 96-, 
24-, hr. periods). 
Saturated sodium chloride, boiling (24-, 96-, 
24-, hr. periods). 
Corrosion rates were calculated in inches penetration 
per month on the basis of average weight loss data, 
sample size and density. 


Metallographic Studies 


Metallographically polished and etched sections of all 
welds were examined to determine, if possible, what 
phases were responsible for the properties of the welds 
tested, and representative photomicrographs of these 
are included. These samples were etched for 2-5 sec. 
using a solution of | part 65° nitric acid, | part 48% 
hydrofluoric acid and 2 parts of glycerin at room tem- 
perature. 

In addition, oxide replicas of the weld metal were 
prepared and examined by electron microscopy to 
determine if finer structure detail would shed more light 
on the interpretation of results. The electron micro- 
scope replicas were prepared by lightly oxidizing a 
polished and etched surface in a molten solution of 
sodium and potassium nitrate and then chemically 
stripping small squares ('/s in.) of oxide from the sample 
surface by exposure of a scribed sample to a bromine- 
methanol solution (1 part bromine to 15 parts methanol). 
The small squares of oxide were washed in fresh meth- 
anol, supported on stainless steel screens and examined 
in the electron microscope. 

The isolation of carbides and other nonmetallic 


phases in the weld metal was readily accomplished by 
dissolving away the base metal using a 1-15 solution of 
bromine in methanol; the insoluble nonmetallics were 
left behind as a residue. The residue was washed and 
dispersed on ‘“‘Formvar screens”’ (200-mesh wire screens, 
'/, in. diameter covered with a very thin film of ““Form- 
var’ resin). These phases were examined in the light 
microscope and the electron microscope. Electron 
diffraction patterns of these residues were also taken. 
Some of the residue from a weld sample containing 
0.8% carbon was also dispersed on a glass slide and 
examined by electron and photomicrography. 


RESULTS 


Bend Test Data 


Results of the bend test are given graphically in Fig. 
1. This graph plots the angle of bend (in degrees from 
horizontal) to fracture against carbon content for as- 
welded samples. These data show that above about 
0.25% of carbon, as-welded samples of titanium cannot 
consistently be bent 100° around pins of 3T or less bend 
radius without failure. As the carbon content in- 
creases, an increasingly lower bend ductility results. 
There is apparently no sharp break in the curve, al- 
though more data would be required to establish this 
fact with certainty. Samples with bend radii between 
1.5 and 3.0T will, in general, fall within the scatter 
band shown. The criterion of a 1.5 to 3.0T bend radius 
results from the wide variety of sheet thicknesses which 
were used in this investigation. It is believed that the 
variety of thicknesses will not basically alter the shape 
of the curve. All samples failed either at the fusion 
line in the weld metal or in the center of the weld. 
Samples welded in the argon box by Linde, and those 
heat treated at 1400°, 1800°, 1900° and 2000° F. 
showed no consistent improved ductility over standard 
as-welded samples. 


HORIZONTAL 


ANGLE OF BEND AT FRACTURE, 


DEGREES FROM 


0.1 0.2 0.3 0.4 


0.5 0.6 07 0.8 0.9 


% CARBON IN TITANIUM BASE METAL 
Fig. | Bend ductility of inert-gas tungsten arc-welded titanium strip (bend radii, 1.5—3.0 T) 
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Table 3—Tensile Test Data of As-Welded Titanium Sheet 


- Welded 
Ultimate 


Unwelded base metal 


Carbon 0.2% Yield Elongation Ultimate 0.2% Yield Elongation 
content, % strength, psi strength, psi in */y-1-2 in. strength, psi strength, psi '/y in 
0.040 91,800* 77,000 8-20-18 80,000 69,000 25 
0.068 78,800* 59,400 8-19-17 
60,800 * 4-10-18 
0.113 68,000* 51,800 0O- 9-19 
71,200 55,300 8- 7- 9 
0.345 76,000* 69,700 4-12-18 79,000 27 
82,500 74,700 8-17-16 > 
0.385 78,400* 64,800 6-10-16 
0.400 111,800 101,200 4-2 
0.465 99,400 88,200 10- 9 5 91,300 77,700 24 
0.495 90,000 75,300 10-14-11 80,009 74,000 26 
81,500 3 -2 
0.500 89,000 83,000 5 


* Fractured in base metal. 


Tensile Test Data 


The tensile test data are given in Table 3. Un- 
fortunately, insufficient stock was available to get 
tensile data on all the as-welded materials, and very few 
data are available on the as-received stock. However, 
from the data presented in Table 3, it appears that 
welding results in decreased ductility in all cases, and 
that the tensile strength is not significantly affected by 
welding. Up to about 0.40% carbon, most of the fail- 
ures occurred in the base metal. It is generally true 
that the shorter the gage length .in.« tensile test, the 
greater the ductility. In these results it appears that 
the reverse is true in most instances. Presumably this 
is due to the limited ductility of the cast weld structure. 


Corrosion Test Results 


Results on the corrosion resistance of titanium welds 
compared to base metal on samples having representa- 
tive carbon contents are given in Table 4. These 
data show that, in general, an increase in carbon content 
improves the corrosion resistance of both the base metal 
and the weld metal. They further show that when the 
base metal is unattacked, the weld metal is similarly 
unaffected. In the case of the 0.264°7 carbon sample, 
the weld metal was subject to significantly more severe 
attack than the base metal in 1°, sulfuric acid and 3% 
hvdrochlorie acid. 


Metallographic Results 


Typical microstructures of base metal and weld 


metal are given in Figs. 2 through 5. Figure 2 (A) 
shows the base metal of the 0.015°% carbon alloy at 
100 X. 
typical coarse-grained a-titanium § structure. 


The base metal is annealed and shows a 
There 
is some evidence of a second phase in the grain bound- 
Figure 2 (B) illustrates at 
400 X the weld-metal structure. A typical Widman- 
stiitten transformation structure is evident, and no con- 


aries of this material. 


clusive evidence of a second phase is apparent. 

Figure 3 (A) represents the annealed base-metal 
structure of the 0.264% carbon material. Some large 
globular carbides are evident in this sample, along 
with a large number of small particles. It is not known 
In Figure 
3 (B) the weld metal structure of this same alloy is 


whether these small particles are carbides. 
shown. The sample is lightly etched so that only a 
sharp etching phase (presumably carbide) shows up in 
the a base metal. This phase is finely divided and 
dispersed in a somewhat regular fashion.* 

Figure 4 (A) shows the base metal of the 0.495% 
C sample. This sample was hot rolled and annealed 
and the micrograph at 750 X shows large globular car- 
bides and a-titanium, as well as a dispersed additional 
phase, roughly oriented in the direction of rolling. 
The structure shown in Figure 4 (B) is representative 
of the heat-affeeted zone of this sample close to the 
weld. In this area, the transition temperature (a-8) 
has been exceeded as indicated by the Widmanstitten 
structure. The carbides appear to be unchanged, but 
the additional phase evident in Fig. 4 (A) appears to 
have gone into solution and to have reprecipitated in 


* It is speculated that this represents precipitation of the earbide phase 
in the Widmanstatten planes during cooling of the 6-phase 


Table 4—Influence of Carbon Content on Corrosion Rate of As-Welded Titanium 


Corrosion rate in./mo 


240 hr ex posure 
Sat'd Sodium 


40% Sodium Cupric 
Carbon 65%, Nitric, 1% Sulphuric, 3°). Hydrochloric, hydroxide, chloride, chloride, 
content, ‘ Sample boiling 80° C 80° C 80° C boiling boiling 
0.015 Base metal 0 00189 0 0200 0 O168 0.00034 No attack No attack 
Welded strip 0.00107 0.0173 0.0162 0.00033 No attack No attack 
0. 264 Base metal 0 00059 0.00570 0 00360 0 000384 No attack No attack 
Welded strip 0 00075 0 0146 0 0125 0 00026 No attack No attack 
0.500 Base metal 0 00069 No attack No attack 0. 00030 No attack No attack 
Welded strip 0 00082 No attack No attack 0 00032 No attack No attack 
0.800 Base metal 0.00073 No attack No attack 0 00027 No attack No attack 
Welded strip 0 00072 No attack No attack 0 00027 No attack No attack 
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Fig. 2 (A) Base metal, 0.015% C, annealed, 400 X Fig. 2 (B) ‘eld metal, 0.015% C, as-deposited, 400 * 


Fig. 3(A) Base metal, 0.264% C, annealed, 411 Fig. 3(B) Weld metal, 0.264% C, as-deposited, 400 


Fig. 4 (A) Base 0.4959 Fig. 4(B) Base metal transition zone, Fig.4(C) Weld metal, 0.495% C, as- 
annealed, 750 0.4959 C, 750 X deposited, 750 
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the grain boundaries and in plate form along the 8 
lattice planes. Figure 4 (C) shows the weld metal at 
750 X. This structure appears to be one of a dendritic 
carbide phase distributed throughout the cast weld- 
metal matrix. The background is again a typical 
Widmanstiitten structure. 

Figure 5 (A) (400 X) illustrates the structure of pack 
rolled 0.8% C titanium. A large number of globular 
carbides are evident as well as an additional phase out- 
lining the a-titanium grains. These carbides appear 
to have a duplex structure. Figure 5 (B) shows the 
fusion line in this sample at the same magnification. 
Globular carbides are evident at one side of this photo- 
micrograph while carbides, which appear to be den- 
dritic, are evident at the other side. The weld metal 
is further illustrated in Figure 5 (C) (400 X). In this 
figure the geometric form of the carbide phase is even 
Figure 5 (D) shows the fracture of the 
The frac- 


more evident. 
bend-test sample in this material at 400 X. 
ture follows the carbide phase. 

Figure 6 summarizes the light and electron microscope 


Fig. 5 (A) Base metal, 0.89% C, pack rolled, 400 » 


0. 


- 

. 


Fig. 5 (C) Weld metal, 0.8% C, as-deposited, 400 
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attempt to study the nonmetallic carbide phase in the 
weld metal. The photomicrograph, Figure 6 (A), shows 
a typical dendritic carbide in the weld metal of the 
0.8% carbon sample (magnification 725 X). Figure 
6 (B) shows an electron micrograph at 2650 X of an 
oxide replica taken from the 0.264% carbon sample. 
A large and complex carbide dendrite is shown in this 
figure against a background Widmanstitten structure. 
There is again some evidence of a second phase within 
this Widmanstiitten structure. (2650 X) 
shows an electron microscope picture of isolated car- 
bides from the 0.264% The large 
dendrites are the carbides, while the fine fibrous back- 


Figure 6 (C 
carbon sample. 
ground material is unidentified. Figure 6 (D) is a 
light micrograph at 500 X of the isolated carbides from 
the 0.8% carbon sample. The similarity in form of the 
carbides in all these pictures is evident.* 


* It appears that at least the car! loy formed 


from the melt If this is so, it mea 
0.8% carbon, This evidence is not p i 
ean occur from the solid state. However 
s usually essentially two dimensional 


Fusion line between weld and base metal, 
0.8% C. 400 


Fig. 5 (B) 


Fig. 5 (D) Bend fracture through weld, 0.8% C, #0 x 


- 
the eutectic point falls below 
is ordered by the hase lattice 


Fig.6(A4) Weld metal, 0.8% C, as-deposited, 725 x Fig. 6 (B) Electron micrograph of oxide replica of 
0.264% C bearing titanium weld metal, 2650 


Fig.6(€) Electron micrograph of carbide from 0.264% Fig.6(D) Photomicrograph of carbide from 0.8% C bear- 
C bearing titanium weld metal, 2650 ing titanium weld metal, 500 


Electron diffraction patterns of the two phases isolated 1.350 (4) 
from these samples have been taken. The large 1.285 
dendritic structure gave the following d spacings: 1.120 


1.025 
1.000 
This constituent has a face-centered cubic structure 


d 
2.570 1.290* 


2.500* 12 * 
‘ with a lattice parameter that calculates to be a, = 4.47 


2150" 1.03 A. This material is unidentified. It does not appear 


1.585 0.995* 

1.520* 0.964* 

1350 0.880° DISCUSSION OF RESULTS 

The starred (*) d values match those of TiC. The 

fibrous material gave the following d values. The four 
strongest lines are indicated: 


to be a known carbide or nitride. 


The data on bend ductility and tensile properties of 
as-welded titanium presented in this report indicate a 
continuous reduction in the bend ductility of titanium 

d welds as the carbon content is increased. No measur- 
2.595 (1) able improvement in properties resulted from welding 
2.240 (3) in an argon box, or from short-time post-welding heat 
1.580 (2) treatments. This continuous decrease in ductility 
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appears to result from the larger quantity of dendritic 
carbide found in the weld as the carbon content of the 
alloys is increased. In all cases, failure of the bend 
samples occurred in the weld metal and, in most cases, 
at the fusion line. When enough carbide was present 
for the phase to be evident in the photomicrographs, 
the failure appeared to be through that phase. There 
is no evidence that the carbide phase exists at the a 
grain boundaries in the weld, but it appears to be 
associated with some prior phase grain boundary, per- 
haps 8, and in most cases ‘it appears to be dendritic 
itself and to outline the exjstence of a prior dendrite 
phase. ' 

The interpretation of these data is definitely handi- 
sapped by the lack of reliable constitution information 
on the titanium-carbon system, and a valid explanation 
of these results will have to await such information. 
In any event, the damaging phase in these alloys has 
been isolated and proved to be carbide. From the 
corrosion data (Table 4) it is apparent that in those 
services where titanium has adequate corrosion resist- 
ance for practical use, the welds of titanium containing 
up to 0.8% C will also have suitable corrosion resistance. 

It appears fortunate that the carbide phase in these 
alloys is not associated with the a-titanium grain bound- 
aries, otherwise it is believed that the reduction in 
ductility would be even more pronounced, and it could 
have been expected that the corrosion resistance of 
these alloys would be adversely affected by welding. 


CONCLUSIONS 
(1) The inert-gas shielded tungsten are process is 
satisfactory for welding titanium-carbon alloys. 
(2) Inereasing carbon in titanium-carbon alloys 


results in a continuously decreased bend and tensile 
ductility of as-welded samples. A carbon content of 
the order of 0.25°% cannot be exceeded if ductile 3T 
bends are required in the as-welded condition. 

(3) Decreased ductility results from the presence of 
a dendritic phase identified by electron diffraction to be 
TiC. 

(4) In those cases where the corrosion resistance of 
titanium is sufficiently good to justify its use eco- 
nomically, welded stock containing carbon from 0.015 
to 0.8% is essentially as corrosion resistant as the 
unwelded base metal. 
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Rules of Procedure for Project Committees 


Welding Research Council 


HESE rules of procedure are intended as a guide to 
Project Committees, rather than as rigid inflexible 
requirements. The important thing is to get the 
task done well as quickly as possible and with a 
minimum cost. 
Project Committees should be as small as possible 
with adequate representation from the contributors, the 
research workers and the needed scientific talent. 


MEMBERSHIP 


With the exception of representation from the con 
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tributing interests, membership on Project Committees 
and their Subcommittees involves active participation. 
Inactive members should be asked to resign. If mem- 
bership representation is because of company connec- 
tion then when an individual leaves that company his 
membership terminates and the organization is asked to 
appoint a new member. Old members may be re- 
tained, however, if particularly able. 


MEETINGS 


Attention is called to the By-laws of the Council re- 
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Welding Air-Hardening Alloy Steels 


® The investigation of various procedures for the shielded metal- 
are welding of an air-hardening alloy steel indicated that the iso- 


thermal transformation characteristics of the heat-affected zone con- 


by Walter Il. Wooding 


Abstract 


The investigation of various procedures for the shielded metal- 
are welding of an air-hardening alloy steel indicated that the iso- 
thermal-transformation characteristics of the heat-affected zone 
considerably influenced the weldability of the material under 
high restraint. The restraint imposed required utilization of pre- 
heat and interpass temperatures exceeding that temperature at 
which the martensite transformation begins on cooling the mate- 
rial from the austenitizing temperature. At such preheat and in- 
terpass temperatures, it was found that satisfactory restrained 
weldments could be obtained only by maintaining the tempera- 
ture as a postheat for a suitable length of time. When the searf 
surfaces were clad with weld metal prior to the deposition of the 
butt weld and the accompanying restraint, satisfactory weld- 
ments were obtained at relatively low preheat and interpass tem- 
peratures, 

These observations led to a study of the isothermal-transforma- 
tion characteristics of the heat-affected zone of single-pass welds 
deposited on this material. The results indicated that above the 
temperature at which the martensite transformation begins, the 
heat-affected zone is very sensitive to thermal shock and prone to 
underweld cracking. This cracking persists until the bainite 
transformation approximates 8%. Heat-affected zones exhibit- 
ing partial martensite transformation are likewise sensitive to 
underweld cracking unless they are subsequently tempered prior 
to thermal shock. 

Studies were also made of the effect of preheat upon the cooling 


rates of heat-affeeted zones of air-hardening alloy steel. Data 


indicate that the initial cooling rate resulting from the quench ef- 
fect of the base plate is not materially retarded by increases in pre- 
heat temperature. 


INTRODUCTION 


HE shielded metal-are welding of air-hardening 
alloy steels generally provokes considerable concern 
as to the suitability of a prescribed welding pro- 
cedure to produce satisfactory weldments. Too 
often, the procedure, usually established as a result of 
small-scale welding tests, fails to produce field weld- 
ments of anticipated quality, particularly where 
extreme rigidity is developed in the structure because 


Walter H. W: is Supt. of Metals Branch, Industrial Test Laboratory, 
Philadelphia Naval Shipyard, Philadelphia, Pa. 


This paper presents only the personal opinions of the author and in no way 


reflects the official attitude of the 8. Navy. Published by permission of 
the Navy Department 
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siderably influenced the weldability of the material under high restraint 


of its size and shape. A most common defect found 
in such weldments is underbead cracking; and, its 
occurrence has been attributed to a combination 
of factors including the presence of hydrogen in 
the arc atmosphere and the hardenability of the 
base metal.* It is the general opinion that by the 
control of these two factors; i.e, using a low-hydrogen 
type electrode, particularly one depositing a chromium- 
nickel alloy-austenitic steel, and using a preheat suffi- 
ciently high in temperature to materially retard the 
cooling rate of the heat-affected zone, underweld crack- 
ing may be avoided. (Provided the external stresses 
developed in the joint are not excessive.) 

It was with due consideration of the above, that 
efforts were made to establish a satisfactory procedure 
for the shielded metal-are welding of nickel-chromium- 
molybdenum alloy-steel plate 3°/, in. thick. This 
material was for use in fabricating a large rigid structure 
similar to one previously erected without undue diffi- 
culty using a nickel-chromium alloy steel of the same 
thickness. In view of the success with which the latter 
material has been utilized, it was considered advisable 
to establish a procedure for welding the nickel-chrom- 
ium-molybdenum alloy steel at the maximum level of 
restraint under which the nickel-chromium-alloy steel 
could be successtully welded. It was the opinion that 
this could be accomplished through the use of the 
restrained circular-groove weld test or so-called ‘Navy 
Patch Test.” The use of this test would require welds 
of dimensions greater than those normally encountered 
in ordinary laboratory tests; and, at the same time 
would provide means for adjustment over a wide range 
of restraint across the weld. 


MATERIALS 


The chemical composition of the nickel-chromium- 
molybdenum steel plate of which this investigation is 
concerned, is given in Table 1. The composition of the 
nickel-chromium steel is also included for comparison. 
Both materials are in the quenched and tempered con- 
dition and have a hardness in the range of 200-230 
Brinell. 


* Voldrich, C. B. “Cold Cracking in the Heat-Affected Zone,” Tue 
Wetpine Jovrnat 26 (3), Research Suppl., 153-s to 169- (1947) 
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Table 1—Chemical Composition of Materials 


Element Ni-Cr-Mo* Steel Ni-Crt8 steel, % 
Carbon 0.42 0.30 
Manganese 0.38 0.21 
Silicon 0.15 0.05 
Nickel 3.60 3.22 
Chromium 2.30 1.30 
Vanadium 0.01 
Molybdenum 0.43 


* Hereinafter referred to as steel Type A. 
t Hereinafter referred to as steel Type B. 


The deposition of all welds reported herein was ac- 
complished using */»-in. diameter Type 310 chrome- 
nickel (25-20) austenitic-steel electrodes, specifically 
purchased so that the entire quantity was obtained from 
the same lot; that is, the same core wire and batch of 
covering mix. When received, the electrodes were sub- 
jected te test to determine their conformity to the 
requirements of Navy Department Specification 46E4 
for Grade IV D.-C. 
the chemical composition of the weld deposit and results 
of the “Navy Torture Test” are in strict conformity 
with the requirements of that specification. Through- 


material. As shown in Table 2, 


out the duration of this investigation, the electrodes 
were carefully stored in unopened containers in dry 
storage until used. 


PROCEDURE 


The restrained circular-groove weld test or “Navy 
Patch Test” consists of the welding of a plug in a hole 
located in the center of a plate of fixed dimensions 
The restraint imposed upon the butt weld attaching 
the plug to the plate may be varied by change in the 
outside dimensions of the plate or the mean diameter 
of the circular groove weld. Those assemblies which 
when subjected to X-ray examination, fail to show 
evidence of cracking in or adjacent to the weld are 
considered to indicate the suitability of a welding pro- 
cedure for obtaining a satisfactory butt weld under the 
conditions of restraint imposed by such assemblies. 
The suitability of various materials for welding under 
comparable degrees of restraint is determined by the 


modification of welding procedures to obtain satisfactory 
welds in assemblies of identical dimensions. 

The restrained circular-groove tests used in this 
investigation were conducted as follows: 

Samples 20-in. square were cut from plate materials 
under test and prepared for circular-groove weld assem- 
blies by machine flame cutting to the shape and dimen- 
sions given in Fig. 1. For the various assemblies for 
each material, the mean diameter D of the circular 
groove was changed from 4 to 8 in. in I-in. steps. For 
each change in the mean diameter of the circular-groove 
weld, duplicate assemblies of each material were pre- 
Backing rings of 
the same mean diameter and 1 in. wide were cut from 
20-lb. medium steel plate for each assembly. The ring 
was welded to the root side (bottom) of the plate and 
patch with a full '/,-in. fillet around both the inner and 


pared for each condition of welding 


NO. | 


QUADRANT WNO.3 
QUADRANT NO. 


A QUADRANT WO. 2 


4 


SECTION AA 
Fig. 1 Circular-groove weld-test assembly 


Electrode size Cc Mn P 
3/1¢in, Diameter 0.11 1.74 0.024 
Spec. requirement 0.09 1.0 Max 


0.20 2.5 0.030 


Table 2—Properties of Chrome-Nickel Austenitic Steel Type 310 (25-20) Welding Electrodes 


Chemical Composition of Deposited Weld Metal 


Per cent 


S Si Vi Cy Mo 
0.010 0.39 21.35 25.83 0.06 
Max Max Min Min Min. 
0.030 0.80 20.00 25.00 0.25 


Physical Characteristics—Restrained-Groove Weld Test (Navy Torture Test) 


Specimen lo- 
cation 


Welding X-ray re- 

position sults 

Vertical Satisfactory Root 
Face 
Face 
Root 
Face and 


Electrode size 
Diameter 


Spec. requirement 


root 


Yield Tensile Elong 
strength, psi. strength, psi. Yin 2 in Location of fracture 
67,200 99,600 9.8 Bond and weld 
73,900 95,800 10.0 Weld 
67,200 95,700 12.5 Weld 
78,300 100,800 9.3 Bond and weld 
Min Min. 
85,000 7 
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outer circumferences of the ring using 25-20 chrome- 
nickel austenitic-steel welding electrodes. For the 
attachment of all backing rings a preheat of 250° F. 
was used to preclude the initiation of any failures from 
this preliminary operation. 

The groove welds were deposited using the block 
technique in which each quadrant of the circular groove 
was designated as a block and each block completely 
welded before starting the next. The sequence used in 
the welding of the blocks was that after completion of 
the first block the block diametrically opposite was 
welded next, the third and fourth blocks being com- 
pleted in the like manner. 

All welds were deposited in the flat position using a 
split-weave technique. Weaving was restricted in mag- 
nitude from 2'/, to 3 times the electrode diameter 
which permitted the first two layers of weld metal in 

>each assembly to be deposited with a full weave. 

Duplicate assemblies were prepared for each condi- 
tion of preheat and interpass temperature. Preheat and 
nterpass temperatures were maintained by the use of a 
specially constructed jig equipped with heating coils 

nd automatic-temperature controls, as shown in Fig. 
The entire assembly was brought to and main- 
ained at the desired preheat temperature within 
+5°F. When interpass temperatures were controlled, 
fter deposition of each pass, and before proceeding 
‘ith the next pass, the assembly was allowed to cool 
lown to, but not below the desired temperatures and, 
1eld thereat until the temperature of the entire assembly 
was equalized within +5° F. Upon completion of the 
eld, the assembly was held in the jig until equalization 
t the prescribed temperature; which was generally 
accomplished in approximately 1 hr. after deposition of 
he last pass. The completed assemblies were prepared 
for X-ray examination by machining off the weld back- 
ing ring and weld reinforcement flush with the surface 
of the plate. The prepared assemblies were X-rayed 
or cracks and where no cracks were indicated, the 
ssemblies were sectioned and examined macroscopi- 
sally. 

The Type B steel was first subjected to this test to 
determine the maximum level of restraint at which 
satisfactory welds could be deposited under conditions 
normally encountered in production welding; that is, 


OPENING TO PERMIT 
WELDING OF QUADRANT 


ASBESTOS SHIELD 


THERMOCOUPLE Leaos 
RECORDING CONTROL 
uNiT 


WEATING COIL LEADS 
CONTROL UNIT 


STEEL BOX, 
10°" 5 
WNTERNAL DIMENSIONS) 


Fig. 2. Apparatus for obtaining preheat and interpass 
temperature 


a preheat temperature of from 70 to 100° F. and an 
uncontrolled interpass temperature of 300° F. maxi- 
mum. In the test, however, the interpass tempereture 
was not permitted to drop below 100° F. The results 
of these tests, which are given in Table 3, indicate that 
the maximum level of restraint for satisfactory welding 
is somewhere between the 5- and 6-in. patch diameter. 

Having established the desired maximum level of 
restraint at the 6-in. patch diameter, attempts were 
made to weld the Type A steel under such restraint 
using various conditions of preheat and interpass tem- 
peratures. The results of these tests are also given in 
Table 3 and indicate that a preheat of 600° F. and an 


Table 3—Results of Circular-Groove Weld Test (Navy Patch Test) 


Assembly 


Preheat temp., Interpass temp., 
No. 


Results of X-ray examination, patch diameter, in. 
5 6 


Nickel-chromium steel, type B 


70 to Uncontrolled 
100 


300° F. Max. Cracked 


No cracks 
No cracks 


Cracked 33% 
Cracked 25% 


Nickel-chromium-molybdenum steel, type “A” 


Uncontrolled 
Max. 


Cracked 20% 
Cracked 20% 
No cracks 
No cracks 


Cracked 100% * 
Cracked 100%* 
Cracked 20% 
Cracked 20% 
Cracked 25% 
Cracked 25% 
No cracks 

No cracks 


Cracked 100% * 
Cracked 100% * 
No cracks 
No cracks 


Cracked 20% 
Cracked 20% 
Cracked 10% 
Cracked 15% 
No cracks 
No cracks 


No cracks 
No cracks 


* Assembly cracked upon completion of first quadrant. 
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Fig. 3 Photomacrograph of transverse section from re- 
strained circular-groove weld assembly 


Preheat temp., 400° F.; patch diameter, 6 in.; interpass temp., 
400-500" F.; magnification 1'/: 


interpass temperature of 600 to 700° F. are required. 
However, under these conditions, the results indicate 
that the restraint can be greatly increased (patch diam- 
eter reduce d to 4 in.) without adverse effect upon the 
quality of the weld. Macrographs of transverse cross 
sections of welds removed from two assemblies are 
shown in Figs. 3 and 4. 

Because of the excessively high preheat and interpass 
temperatures required to obtain satisfactory welded 
assemblies for the Type A steel, the patch test was 
modified so as to include clad-type joints. This was 
accomplished by first depositing a layer of weld metal 
over the entire scarf faces of the butt joint and then 
depositing the butt weld in the usual manner. 

The clad-type restrained circular-groove weld test 
was conducted as follows: 

Samples 20 in. square were cut from the Type A steel 
plate and prepared for circular-groove weld assemblies 
by machine flame cutting as previously described except 
that the root opening was increased from '/» to */, in 
to provide space for the cladding layers. For these 
assemblies, the mean diameter of the groove was main- 
tained at 6 in., the level of restraint, at which it was 
found that the Type B steel could be welded under nor- 
mal conditions. 

The scarf faces of the grooves were cladded using 
3/1, in. diameter 25-20 chrome-nickel electrodes at 
several preheat and interpass temperatures. The 
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Fig. 4 Photomacrograph of transverse section from ree 
strained circular-groove weld assembly 


Preheat temp., 600° F.; patch diameter, 6 in.; interpass temps 
600-700° F.; magnification 


depth of clad on each scarf face approximated '/s ing 
Without further preparation of the clad surfaces, the 
component parts were assembled for welding and thé 


groove weld deposited as previously described. Several 


preheat and interpass temperatures were used in thé 
welding of various assemblies. Upon completion of the 
weld, the assemblies were X-rayed and examined macro= 
scopically, 

The conditions under which these tests were con< 
ducted together with the results thereof are given in 
Table 4. As indicated, the cladding method appears to 
produce satisfactory welds at relatively low preheat 


and interpass temperatures. A macrograph of a trans- 


Table 4—Results of Circular-Groove Weld-Test Clad Scarfs 
(Navy Patch Test) 


Nickel-Chromium-Molybdenum Alloy Steel, Type A 


Temperature, ° F 
Preheat Interpass 
Results of 
For de- For de - X -ray ¢zr- 
Assem- For positing positing amination, 
bly clad- groove For clad- groove 6 in, diam- 
No ding weld ding weld eter patch 
200 200 200 to 300) 300) cracks 
No cracks 
250 70 to 100 250 150 No cracks 
Max No cracks 
70 to 100 200 150 No cracks 
Max No cracks 
70 to 100 150 150 No cracks 
Max No cracks 
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Fig. 5 Photomacrograph of restrained circular-groove 
weld-test assembly clad-type joints 


Preheat temp., room temp.; patch diameter, 6-in.; in temp., 
150° F.; cladding preheat temp. 150° F.; magnification 


verse cross section through the weld of one of the 
cladded assemblies is shown in Fig. 5. 

Both welding procedures found satisfactory for 
welding the Type A steel in the circular-groove re- 
strained weld test were recommended to production 
activities for further check. It was found that when 
the 600° F. preheat and 600-700 F. interpass tempera- 
tures were used cracking was encountered in the heat- 
affected zones. The cladding method, however, pro- 
duced satisfactory weldments. A further check on the 
procedure used for the unclad butt welds indicated 
that the preheat temperature of the assembly was not 
maintained after completion of the weld as had been 
done in the Navy Patch test. 

This observation gave rise to the opinion that the 
thermal behavior of the material might be associated 
with the variation in results obtained by the production 
activities and the laboratory. It was therefore con- 
sidered desirable to extend the investigation to include 
a study of the thermal behavior of the Type A steel 
consisting of temperature-dilation data, Jominy end- 
quench hardenability data, and time-temperature- 
transformation characteristics of the heat-affected zone 
of single-bead weld deposits. 

The temperature-dilation characteristics of both the 
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types A and B steels were determined using a Rockwell 
Bristol Dilatometer. A specimen '/; in. in diameter by 
2 in. long was heated at a constant rate of 400° F. per 
hour to 1700° F. Upon reaching this temperature, the 
specimen was quenched in circulating oil to room tem- 
perature. During the heating and cooling cycles, an 
automatic graphic record was made of the temperature 
and longitudinal dilation of the specimen. The results 
of this test are presented in Fig. 6. 

The Jominy end-quench hardenability was deter- 
mined using a standard specimen | in. in diameter by 
37/s in. long. This test was conducted as outlined in 
the “Guide to Weldability of Steels” proposed by the 
Welding Research Council of the Engineering Founda- 
tion. Specimens of both types A and B steels were 
heated to 2100° F., held at temperature for '/2 hr. and 
immediately quenched in the standard Jominy-Bar 
Quenching Apparatus. Rockwell “C” scale-hardness 
values were obtained at intervals throughout the length 
of the specimens and plotted on a standard A.S.T.M. 
Jominy End-Quench Hardenability chart. Though 
the above mentioned “Guide to Weldability of Steels” 
requires that this test be done in triplicate, the results 
obtained for the one specimen of each steel and pre- 
sented in Fig. 7 are not considered to warrant further 
tests of this type. 

The investigation to determine the isothermal trans- 
formation characteristics developed in the heat-affected 
zone adjacent to single-pass welds was conducted as 
follows: 

Specimens 2 x 1 x */, in. were cut from the Type A 
steel plates with the 2-in. dimension parallel to the 
longer axis of the plate and the */,-in. dimension parallel 
to the depth of the plate. The specimens were cleaned 
of scale, surface decarburization and other foreign 
matter prior to use. 

A single-bead weld, 1 in. long, was deposited parallel 
to the 2-in. dimension in the center of a 2- x 1-in. face 
of each specimen using automatic-voltage control weld- 
ing equipment. Welds were deposited under con- 
stant welding conditions of 175-amp., 24-are volts and 
an are travel speed of 6 in. per minute using ®/j»-in. 
diameter 25-20 chrome-nickel welding electrodes. 

Prior to welding, the specimens were preheated by 
being submerged for 1 hr. in an automatically controlled 
salt bath maintained at the following temperatures: 
900, 800, 700, 600, 500, 450, 435 and 415° F. Speci- 
mens for each preheat temperature were singly removed 
from the salt bath after 1-hr. submergence, quickly 
transferred to the welding jig, the weld bead deposited 
and then immediately returned to the salt bath where 
they were held for various periods of time, ranging from 
2.5 to 400 min. and from 18 to 120 hr. Upon completion 
of the time interval in the postheat bath, the specimens 
were removed and immediately quenched in iced water 
maintained at 32° F. In addition, specimens were 
preheated to 400, 375, 325, 275, 225 and 175° F. 
welded in the same manner, quickly returned to the pre- 
heat bath and held there for 10 min., after which they 
were quenched to 32° F. 
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STEEL 
COOLING RATE APPROX. 20°/ SEC AT 1300°F 


DILATION (INCHES/ INCH ) 


TYPE STEEL 
COOLING RATE APPROX 20SEC aT 


TEMPERATURE 


Fig. 6 


The martensitic transformation characteristics were 
also determined as outlined above using preheat and 
postheat temperatures of 400, 375, 325, 275, 22: 1 
175° F. Immediately upon completion of the weld 
deposit, the specimens were quenched back to the pre- 


> ant 


heat temperature by being submerged in the hesting 
bath for 10 min.; after which they were immediately 
tempered at 850° F. for 30 min. and 

water quenched to 32° F. 


200 


DEG. F ) 


Temperature-dilation test results 


welds deposited on the Type A steel are tabulated in 
Table 5. 


test, underbead cracking was observed in the heat-af- 


During the conduct of this portion of the 


fected zone of a number of specimens and these data 
have been included in Table 5. Also 
Rockwell 30 “N” scale-hardness readings 
taken in the heat-affected zone of a number of the 


included are 


maximum 


COOLING RATE, DEG. FAHR. PER SEC. AT 1300°F 
«© 


= 
¢ 


Immediately upon being brought 
to room temperature, all specimens 


STANDARD TYPE JOMINY END QUENCH BAR 


were sectioned in a plane normal to 


QUENCH TEMPERATURE 2100°F 
(GRAIN SIZE NOT DETERMINED) 


the axis of the weld bead at its 


“A” STEEL 


center and the surface carefully pre 
pared for metallographic examina- 


tion. The prepared surfaces were 


STEEL 


etched with 2% nital and examined 


at a magnification of 200 diameters. 


The per cent of transformation 


product occurring in the heat-af- 


fected zone immediately adjacent to 


ROCKWELL HARONESS, C SCALE 


the weld beads was estimated to 


provide data to establish the time- 


rela- 


temperature-transformation 


tionship for the Type A steel when 
subjected to the welding cycle. 


The 
mation characteristics observed in 
the heat-affected zone of single-pass 


time-temperature-transfor- 
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(STANCE FROM QUENCHED END OF SPECIMEN, SIXTEENTHS OF INCH 


Fig. 7 
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End-quench hardenability test results 
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Table 5—Time-Temperature-Transformation Characteristics. 


Heat-Affected Zone of Single-Pass Weld Deposits. Nickel- 
Chromium-Molybdenum Alloy Steel Type A 


Time et Time at 
Temperature Tempersture Treasta@ mtica Underbead Rock. Hard Tempereture Tempe reture Treas farmtios Und er bead Rock Rare. 
Deg. Kinutes Produet -racking 30 Scale eg. Minutes Product - vreck ing -cale 
90 Tes 79-1/2 650 5 Yes 79-1/2 
100 fee 190 Yes 80 
Trece Yeo Trace Yes 80 
» 5 Yes 60-1/2 
-- 15 No 78 
700 Tes 78-1/2 100 pe 
10 Tes 9-1/2 100 % 
20 6 
30 Yes 80 435 2.5 Yes - 
50 Yes 60-1/2 10 Tes 
190 ° Tes 78-1/2 20 Trace Yes -- 
wo Trace Yes Yes oo 
1080 2 Tes 80 5 Yes 
1500 2 Yes 80 7? Yes - 
2680 2 Tes 79-1/2 100 2» No - 
4320 Tes 80 22 No 
5760 5 Tes 80 8 do -- 
7200 a 
2. 
3 Yoo 29 id Tes 
10 Trace Tes 79 Trece Yes 
» aa do 77-1/2 
190 So wo 10 Yes 
85 Ro 6 
Me 375 10 ° Tes 78 
$00 Yes 325 10 ° Yeo 
2 Trace 275 10 Tes 
2 a5 ho 78-1/2 225 10 2 Tes 
too “4 175 10 Yeo 80 
100 No 7 


MARTENSITE THAN TION 


<uench Temper Martensite Rockwell 
Temperature Time in Tempereture Trensformatioca Under bead Hardness 
Deg.fahr. quenced .Fabr. cracking 30 Seale 


specimens. Figure 8 presents the time-temperature- 
transformation characteristics diagrammatically and 
includes the underbead-cracking observation. Photo- 
graphs of typical microstructure of the heat-affected 
zones observed during this test together with data in- 
dicating time at temperature and estimated per cent of 
transformation are shown in Figs. 9, 10, 11 and 12. 
Figure 13 is a photomicrograph showing underbead 
cracking typical of that encountered in this test. 


DISCUSSION 


The behavior of the nickel-chromium-molybdenum 
alloy steel (Type A) in the circular-groove weld test 
indicated that under ordinary production conditions; 
i.e., preheat and interpass temperatures of 200 to 
300° F.; satisfactory deep-groove welds could not be 
deposited with the */i-in. diameter Type 310 (25-20) 
electrodes when the restraint imposed approached the 
desired level. Even a preheat temperature of 500° F. 
with sn uncontrolled interpass temperature failed to 
bring about any change in the test results. However, 
with a preheat temperature of 600° F. and a controlled 
interpass temperature of 600-700° F., 
to obtain satisfactory deep groove welds under the 
maximum restraint imposed by the test; namely, 4-in. 
diameter patch. At preheat and controlled interpass 
temperatures below 600° F. it was not possible to obtain 
satisfactory welds at the level of restraint established 


it was possible 
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for nickel-chromium alloy steel (Type B); namely, 
6-in. diameter patch. 

When the cladding method was used, it was possible 
to obtain satisfactory welds at the 6-in. level of restraint 
using welding procedures comparable to that employed 
in the field. For the cladding operation, it was found 
that the preheat temperature could be reduced to 150° 
F. and for the deposition of the groove weld, the preheat 
temperature could be reduced to 70° F. and the inter- 
pass temperature maintained at less than 150°F. without 
encountering any difficulty in depositing satisfactory 
welds at the desired level of restraint. It is probable 
that this technique might have proved satisfactory for 
the deposition of groove welds at higher levels of 
restraint (smaller patch diameters). Because of the 
shortage of material, it was not possible to further inves- 
tigate this welding procedure. 

The study of the isothermal characteristics in the 
heat-affected zone of the Type A steel, developed upon 
deposition of single bead welds at various preheat 
It had been 
considered that these characteristics were of influence 


temperatures, is of considerable interest. 


in obtaining satisfactory weld deposits since it was 
indicated by comparison of test results that field 
activities were experiencing difficulty in obtaining satis- 
factory welds at preheat temperatures found suitable 
by the laboratory. However, it was not anticipated 
that underbead cracking would be encountered upon 
examination of the specimens used for this investiga- 
tion. As indicated by Fig. 8, underbead cracking ap- 
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hydrogen type electrode capable of 


Oo CRACKED (UNDERBEAD) 


O SPECIMEN WOT CRACKED 


producing are atmospheres low in 
hydrogen. Therefore, it is not be- 
lieved that hydrogen absorption has 


OF CRACKING (UNDERBE AD) 


been a factor in the observed under- 


NUMBERS TRANSFORMATION 


weld cracking. For, had hydrogen 
been involved, it would be difficult 


to explain why sufficient diffusion of 
gas had occurred in 40 minutes at 
450° F. to prevent cracking; while, 
at 700° F., more than 96 hr. were 
required to obtain the same result. 
Based upon these observations, it 


would appear that the isothermal 
characteristics of the Type A steel 
predict the welding procedures ap- 
plicable to that material. Referring 


TEMPERATURE 
DEGREES FAMRENHE;T 


++ 
| 


20% MARTENSITE 


40% MARTENSITE 


60% MARTENSITE 


to Table 3, it was not possible to ob- 
tain satisfactory restrained deep 
groove welds at preheat and inter- 
pass temperatures of less than 600° 
F. In these tests, the preheat tem- 
perature of the assembly was main- 


tained after completion of the weld 
until the temperature throughout 


Whe 


MARTENSITE 


MARTENSITE 


} 
+ 
| 


the plate reached equilibrium. This 
was accomplished by maintaining 
the outer portions of the plate sur- 
rounding the weld at the preheat 


+ + MARTENSITE 


temperature for 1 hr. after comple- 
tion, after which the assembly was 
allowed to cool to room tempera- 
ture. Again referring to Fig. 8, it is 


wOURS-{ 38 485670 


TIME 


| 
20 200 300 800 7501000 2000 


24 


indicated that holding for 1 hr. at 
s 600° F. would permit considerable 
transformation product to be 


Fig.8 Time-temperature-transformation chart for heat-affected zone of single- formed before the assembly had 


pass weld deposits 


Nickel-chromium-molybdenum alloy steel Type A 


pears to be a function of the bainite transformation and 
does not occur when the transformation has progressed 
beyond approximately 8° of bainite formed. It is also 
interesting to note that at 700° F. cracking was persist- 
ent after 96 hr. at that temperature. Furthermore, 
where specimens were quickly cooled without interrup- 
tion to below the temperature at which martensite 
transformation begins and then tempered at 850° F. 
prior to cooling to 32° F. underbead cracks were not 
found. 

Attention is invited to the fact that the underbead 
cracking observed occurred at very low levels of re- 
straint in so far as that imposed by the weld bead is 
concerned. This would indicate the heat-affected 
zone of the material to be crack sensitive when sub- 
jected to thermal shock. The imposition of weld 
restraint in addition to thermal shock would increase 
the range of transformation product over which cracking 
would occur. Furthermore, it is to be pointed out that 
the weld beads were deposited using a so-called low- 


cooled to room temperature. At 

preheat temperatures less than 

600° F. but greater than 400° 
F., 1 hr. time does not appear to be sufficient to 
develop transformation product much in excess of the 
minimum to prevent cracking. At 400° F. and below, 
it would appear that the restraint imposed by the joint 
was sufficient to develop stresses exceeding the fracture 
stress of the heat-affected zone. This is indicated in 
Table 3 where satisfactory welds were obtained in the 
7 in. diameter patch using a preheat of 200° F. and an 
interpass temperature of 200-300° F. 

It has been the general assumption that the use of 
preheat will effectively reduce the cooling rate of the 
weld deposit by changing the rate of heat dissipation 
throughout the assembly. Consequently, the cooling 
rate should be inversely proportional to the preheat 
temperature and the higher the preheat temperature, 
the slower should be the cooling rate Under these con- 
ditions it would appear that using a preheat temperature 
of 500° F., the cooling rate of the assembly would be 
sufficiently slow to cause an isothermal transformation 
of sufficient. magnitude to prevent cracking without the 
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need for maintaining the preheat temperature for an 
extended period of time after completion of the 
weld. Since weld assemblies prepared at 500° PF. 
preheat, even when held for 1 hr. at that temperature 
after completion of the weld, exhibited cracking in 
the heat-affected zone; it was the opinion that either 
the data presented in Fig. 8 were not representative of 
conditions developed in the weldments or that the 


Fig. 9 Temperature 435° F., time-temperature-trans- 
formation characteristics 


Heat-affected zone of single-pass weld dep 
Nickel-ch i ly bd alloy steel Type A 


Fig. 10 Temperature 500° F., time-temperature-trans- 
formation characteristics 


Heat-affected zone of single-pass weld deposits, magnification 200  . 
Nieckel-ch i ly bd alloy steel Type A 
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function of preheat was not fully understood. There- 
fore, it was considered necessary to investigate the 
influence of preheat upon the cooling rate of the heat- 
affected zone in order to determine the relationship of 
the isothermal characteristics to the difficulties encoun- 
tered in obtaining satisfactory restrained deep groove 
welds. 

The influence of preheat upon the cooling rate was in- 


Fig. 11 Temperature 600° F., time-temperature-trans- 


formation characteristics 


Heat-affected zone of single-pass weld deposits, magnification 200 * . 
Nickel-ch i lyb-ienum alloy steel Type A 


Fig. 12 Temperature 700° F., time-temperature-trans- 
formation characteristics 


Heat-affected zone of single-pass weld deposits, magnification 200 * . 
Ni I-ch i lybdenum alloy steel Type A 
100 Min. 
400 Min. 


Nickel-c 
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over the point of insertion. The temperature of the 
assembly was recorded using a General Electric Co. 
Photo Electric Millivolt Meter having a chart speed of 
36 in. per minute and a full scale response of 0.2 sec. 
Tests were run at preheat temperatures of 70, 150, 300, 
400 and 500° F. 
sembly was also prepared to investigate 


In addition, a circular patch test as- 
the cooling 
rate of the heat-affected zone in the fourth quadrant 
The 


circular patch test assembly consisted of a 40-lb. nickel- 


using similar means for recording temperatures 


» chromium alloy-steel (Type B) sample 24 in. sq. into 
4 which a 6-in. diameter patch was welded manually us- 
q ing a preheat temperature of 150° F. The exact de- 
_ tails concerning the preparation of these test assem- 
Fig. 13 Representative underbead crack in heat-affected blies, together with the results obtained, are presented 
: zone, magnification 200 X in Figs. 14 and 15 for the single weld beads and the cir- 
J Time-temperature-transformation characteristics, temp. 435° F.,. cular patch assemblies, respect ively 
40 min. Nickel-chromium-moly bdenum alloy steel Type A ‘ 

4 rhe test. data presented in Fig. 14 appear to indicate 
vestigated using 40-lb. nickel-chromium alloy- (Type that the cooling rate of the heat-affected zone occurs in 
B) steel test plates 12 in. sq. After the specimen had two distinct stages. The first stage appears to repre- 
been brought to and held at the desired preheat tem- sent the quenching effect of the base plate and the sec# 
perature until equalized, a 10-in. long weld bead was ond stage the rate of heat dissipation by radiation fron 
; deposited along the center line using automatic are- the surface to the atmosphere. In the first stage, the 
voltage controlled welding equipment. In the exact rate of cooling is but slightly affected by change in pres 
center of the plate on the face opposite to the weld, a heat temperature. The average cooling rate from 1 té 
chromel-alume! thermocouple had been inserted so as to 11 sec. approximated 98° F. per second for the lowest 
intercept and be fused to the bead as the weld progressed preheat and 88° F. per second for the highest preheat; 
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The second stage of the cooling rates is also of particu- 
lar interest in that the rate between 50 and 250 sec. ap- 
proximates 1° F. per second regardless of preheat 
temperature. The only major differences to be noted 
between the various preheats is the approximate tem- 
perature at which the quenching effect of the plate be- 
comes secondary to the heat loss by radiation in effect- 
ing the cooling rate. This change occurs at approxi- 
mately 800, 700, 600, 425 and 375°F. for preheat tem- 
peratures 500, 400, 300, 150 and 70° F., respectively. 

The data presented in Fig. 15 concerned with the 
cooling rate of the heat-affected zone of the circular 
patch test assembly show relatively the same character- 
istics as those of the single weld bead deposits. The 
first stage of the cooling rate representing the quenching 
effect of the plate shows an approximate rate of 95° F. 
per second between 2 and 12 sec. The second stage of 
the cooling rate, representing heat radiation to the at- 
mosphere, shows a rate of 0.5° F. per second between 50 
and 250 sec. The temperature at which the change 
from the first to second stage takes place is approxi- 
mately 800° F. 

A comparison of the results obtained for the circular 
patch assembly with those obtained for the single weld 
bead deposited at 150° F. preheat indicate comparable 
cooling rates in the first stage. However, in the second 
stage, the cooling rate of the circular patch assembly is 
approximately 50° as fast as that of the single weld 
bead. Furthermore, the temperature at which the 
change from first to second stage occurs was approxi- 
mately twice as high for the circular patch as it was 
for the single weld bead; namely, 800° F. for the 


circular patch and 425° F. for the single weld bead. 

The above noted differences between the patch as- 
sembly and the single weld-bead deposit are not readily 
understood. However, disregarding joint design and 
calculating heat imput as watt seconds per inch for the 
two welds; the heat imput for the circular patch as- 
sembly approximates 81,000 watt sec. per inch of weld 
while that of the single weld bead deposit approximates 
43,000 watt sec. per inch. This would indicate that 
heat imput of the circular patch weld to be about twice 
that of the single weld bead. Since, except for joint 
design and size of plate, this is the only difference be- 
tween the two assemblies, it may be assumed that heat 
imput like preheat has no appreciable effect on the 
quench cooling rate but has a sizable effect on the tem- 
perature at which the change from the first to second 
cooling stage takes place. In addition, the change in 
heat imput appears to influence the cooling rate during 
the second stage which is to be expected in view of the 
influence on the temperature at which the change from 
first to second stages takes place. 

Though the cooling-rate data were obtained for the 
nickel-chromium alloy steel (Type B) only, it is believed 
that the results presented are comparable to those 
which would be obtained for the nickel-chromium-mo- 
lybdenum alloy steel (Type A). Therefore, in view of 
the cooling data obtained under actual welding condi- 
tions, it is the opinion that the time-temperature-trans- 
formation characteristics of the heat-affected zone, as 
presented in Fig. 8, are associated with the problems in- 
volved in the welding of the nickel-chromium-molybde- 
num alloy steel (Type A). Though the isothermal 
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characteristics at higher temperatures including the 
Ar’ Range (high-temperature region of rapid transform- 
ation or austenite-ferrite transformation) were not 
investigated, it is believed that the material is suf- 
ficiently sluggish even at these high temperatures to re- 
quire a considerable interval of time to reach that point 
in the curve where transformation begins. 

The study of the rates of cooling of the heat-affected 
zones of welds deposited at several preheat tempera- 
tures conducted as a part of this investigation should 
prove of particular interest in that the data presented 
herein are somewhat at variance with the generally ac- 
cepted theory concerning the effect of preheat. When 
the study was first undertaken, Navy high-tensile stee! 
plate was used. These data are presented in Fig. 16 
and, as indicated, there appears to be three stages in the 
cooling cycle; an initial stage, intermediate stage and 
final stage. Since high-tensile steel requires excess- 
ively high cooling rate to develop full hardness, it is be- 
lieved that the stages may be explained as follows: 


The initial stage representing the quench effect of the 
base plate. 

The intermediate stage representing effect of heat 
generated from the exothermic reaction caused by 
transformation from austenite to ferrite 

The final stage representing heat radiation from the 

plate. 


Though no attempt is made to thoroughly discuss 
these data, the observations do indicate that preheat is 
effectual in regulating the cooling rate through the 
transformation temperature of nonair-hardening steels. 

The End-Quench Hardenability Test results pre- 
sented in Fig. 7 indicate that except for difference in 
maximum hardness obtained, minimum cooling rate to 
develop maximum hardness in the Type A steel is not 
appreciably less than that indicated for the Type B 
steel. This would appear to indicate that the isother- 
mal characteristics developed in the heat-affected zone 
of weld deposits on the Type B steel though not similar, 


Table 6—Preliminary Investigation Isothermal 
Characteristics 


Heat-A flected Zone of Nickel-Chromium Alloy Steel Type B 


Tempera- Time at tem- Per cent trans- 

ature level peratures, formation product l'nderbead 
oF min, formed cracking 

900 0.5 0 Yes 

5.0 8 No 

10.0 20 No 

600 0.5 Trace Yes 

5.0 70 No 

10.0 90 No 

30.0 99 No 

4150 0.5 Trace Yes 

5.0 100 No 

10.0 100 No 

30.0 100 No 
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would follow the same trend as those of the Type A 
steel. Using the same method as previously described 
for the isothermal investigation presented in Fig. 8, a 
preliminary investigation was.made of the Type B 
steel and the results thereof presented below in Table 6. 

The above preliminary test results indicate that the 
isothermal characteristics of the heat-affected zone of 
nickel-chromium alloy steel (Type B) follow the same 
pattern but that the time-temperature relationship is 
considerably different when compared with that of the 
Type A steel. It would appear that this time-tempera- 
ture relationship is important for, as indicated in Table 
6, transformation begins within 30 sec. at 600° F. 
Consequently, this would provide opportunity for the 
formation of such products in the heat-affected zone be- 
fore reaching the temperature of martensite transforma- 
tion. 


SUMMARY OF FINDINGS 


A summarization of the results of this investigation 
indicates that the nickel-chromium-molybdenum alloy 
steel is unsuitable for welded construction under condi- 
tions of high restraint and normal welding practice. 
The sluggishness of the material, preventing the forma- 
tion of isothermal transformation products in the Ar’ 
region or region of austenite-ferrite transformation in- 
tensifies an unfavorable condition in the heat-affected 
zones of welds which are prone to cracking even under 
moderate restraint. The use of preheat has no appre- 
ciable effect in reducing the severity of base metal 
quench so that the cooling rate of the heat-affected zone 
would be sufficiently slow to permit the formation of 
any high-temperature transformation products. Like- 
wise, preheat had insufficient effect on the cooling rate 
established by heat radiation from the surfaces of the 
assembly to permit the occurrence of isothermal trans- 
formation products in the heat-affected zone prior to 
reaching the temperature of martensite formation. It 
does appear that by regulation of preheat and interpass 
temperatures to within the range of from 450 to 600° F. 
(somewhat above the temperature of martensite trans- 
formation) and by maintaining the preheat temperature 
as a postheat temperature for a considerable period of 
time, 10-12 hr., after welding, sufficient austempering 


of the heat-affected zone should occur to permit com- 
pletion of satisfactory welds under high levels of re- 
straint. However, the use and maintenance of such 
high preheats over long periods of time is considered im- 
practicable in so far as heavy construction is concerned. 

In view of the ineffectiveness of applicable preheat in 
obtaining satisfactory welds under high restraint, there 
appears but one alternative, and that is to keep the re- 
straint, from the weld during the time the heat-affected 
zone is in that condition conducive to cracking. This 
is accomplished by the cladding method. In this method 
the scarfs of the joint are clad with weld metal using 
moderate preheat. The joint is then assembled and 
by welding on the cladded surfaces, sufficient heat is 
developed in the heat-affected zone of the base metal 
under the clad, to temper it into a condition where it 
will stand considerable strain without failure. As in- 
dicated herein, satisfactory welds may be deposited 
under high levels of restraint without using excessively 
high preheats. 

Underweld cracking, occurring in air hardening alloy 
steels when welded with low-hydrogen type electrodes 
such as Type 310 (25-20), is associated with the iso- 
therma! characteristics of the base metal. Where re- 
straint is not a factor, it appears that 8% bainite trans- 
formation is necessary to avoid cracking. As restraint 
is increased, it is the opinion that the per cent of trans- 
formation product necessary to prevent cracking like- 
wise increases. 
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quiring Project Committees to meet at least once a 
year. If a Project Committee is inactive for a longer 
period than a year the necessity for its continuance 
should be considered. 


REPORTS 


The basic conception and philosophy of the Council is 
the achievement of a wide dissemination of knowledge 
secured by research and utilization of results in practice 
and by code committees. Therefore, early publication 


is indicated. Nevertheless, in some instances for 
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financial, editorial or other reasons it may seem de- 
sirable to a Project Committee to circulate the results of 
findings of its research work among Committee mem- 
bers well in advance of publication. 

It is often very helpful if Project Committees will re- 
view reports of research laboratories before publica- 
tion. Sometimes members of Project Committees will 
wish to issue comments and discussions of the reports 
which can be included along with the publication of the 
report itself. In certain instances Project Committees 
may wish to issue their own interpretative reports 
either at the same, or at a later, date as a supplement to. 

(Continued on page 576-8) 
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Stresses Around a Spot Weld Under Static and 
Cyclic Loads 


® Measurement of stresses taken at the interface of spot welds 
under static and fatigue loads; mild steel, stainless steel and 
aluminum welds in untreated and hydrostatically improved condition 


by Georges Welter STRESS DISTRIBUTION AROUND THE SPOT 
INTRODUCTION At Outside Surface of the Joint 

N CONNECTION with the results of the investiga- For this investigation, strain gages of different effeae 

tion of the stress pattern in thin spot-welded sheets, tive lengths, that is '/2, '/, and '/, in., have been placed 


a: published in THe WELDING 

JouRNAL, 1949 (September issue 
of the Welding Research Supplement), 
this type of research has now been 
completed. Some results about this 
additional investigation will be 
shown, as carried out recently at the 
Research and Strength of Materials 
Laboratory of Ecole Polytechnique 


at Montreal. Especially the exact 


distribution of the stresses around 
the spot, as measured at the outside 
surface of the sheet, has been studied 
in more detail as a function of the ap- 
plied static tension loads. As al- 


ready mentioned in my last work, 
the fsirly surprising fact has been 
revealed that most of the stresses 
measured around the spot put under 
tension loadsare compression stresses ; 
only in a smaller area located in the 
axis between the point of loading and 
the spot itself were stresses found in- 
dicating tension. 

Besides that, a quite new type of 
measurements, taken at the interface 
of the spot welds, were made. Also 
a great number of fatigue tests of 
untreated and hydrostatically im- 
proved specimens of mild steel, stain- 
less steel and 24ST Alclad alloy sheets 
have been carried out 


Dr. Georges Welter is Professor of Applied Me Fig. 1 Measurements in tensile test machine of spot-welded specimens with 
chanics, Ecole Polytechnique, Montreal, Canada strain gages and Huggenberger extensometers 
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around the joint of the sheets and tested under tension 
As shown in Fig. 1, mechanical extensometers of 
Some more 


loads. 
the Huggenberger type also were used. 
details about the results of these measurements, repre- 
senting fairly rough and preliminary results about this 
problem, are shown in Figs. 2 and 3. The first tests 
were carried out with welded mild steel sheets of 0.03 in. 
thickness and special strain gages of '/, in. length placed 
around the spot, as shown schematically in the scheme of 
Fig. 2. 
per inch and reported in function of the applied load in 
steps of 100 lb. up to a maximum of 600 lb. According 
to these results, gage No. 1 indicated very pronounced 


The micro-deformations are indicated in inch 


compression stresses right from the beginning of the 
application of the tension load. The permanent de- 
formations under zero load were nearly as great as the 
total deformations and increased very rapidly at a load- 
ing range of over 200 lb. Strain gage No. 2, located on 
the tension side of the spot, indicated also compression 
under increasing tension loads and the total deforma- 
tions, represented by a straight line, were over twice the 


amount of the permanent deformations. Gage No. 3, 


placed symmetrically to No. 2, should indicate identical 


results; it was out of order and stresses could not be 
recorded. On the other hand, gage No. 4, situated on 
the tension side of the specimen, right in its axis, at a 
small distance of about '/, in. from the border of the 
spot, indicated no strain at all under a load up to about 


200 Ib.; under higher loads, the total deformation in 
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Stress distribution in riveted Alclad 24ST sheet of 0.064 in. 


tension increased asymptotically and reached at 500 Ib. 
about half of the amount of the deformations indicated 
by gages Nos. 1 and 2 working under compression. 
The permanent deformation in tension remained, at a 
load up to 450 lb., practically zero. 
the elastic limit of the material had not yet been reached 


This means that 


in this zone of the joint. 

In order to find out if these indications of the strain 
gages were correct, these tensile tests were repeated with 
the same specimen after a maximum load of 600 Ib. 
had been reached. As shown in Fig. 3 the strain was, 
as could be expected, this time, up to 600 lb., much 
smaller than in the preceding tests, except for the total 
deformation of gage No. 4 indicating tension. After 
the previous maximum load applied to this specimen 
had been surpassed, all gages indicated very rapidly 
increasing strain in the previously stated direction, that 
is Nos. 1 and 2 in compression and No. 4 in tension. 
Also the permanent deformation in tension of this gage 
indicated at this load the yielding of the material in 
zone No. 4. 

These results seemed somewhat disturbing regarding 
the fact that the spot-welded mild steel sheets put under 
tension loads indicated at the outside surface around thé 
spot mostly compression stresses, except for the gages 
on the tension side placed right in the axis of the speci« 
men at some distance from the spot. Therefore, these 
results, obtained with mild steel specimens of 0.03 in} 
thickness, were checked with spot-welded Alclad 24ST 
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specimens of 0.064 in. sheet thickness. For these tests, 
smaller strain gages, having an effective length of only 
'/, in., were placed as shown in Fig. 4, around the spot 
of about '/, in. diameter, in the longitudinal axis; 
gages Nos. 2 and 4, as close as possible to the spot; 
in the transverse axis, gage No. 5 as well as on both 
sides Nos. 1 and 3. Here again, with the exception of 
gage No. 3, indicating very slight total and permanent 
tension stresses up to 500 Ib., all other gages (Nos. 1, 
2, 4 and 5) showed total deformations indicating very 
pronounced compression stresses while the permanent 
deformations, after unloading, were practically zero 
in ali four cases. 

Another Alclad specimen of the same thickness, hav- 
ing the same '/;-in. strain gage arrangement as in the 
preceding case, but instead of being spot welded had 
been riveted with a '/,-in. rivet, showed, according to 
Fig. 5, for gages Nos. 1 and 2, practically the same 
results indicated prevailingly by compression as for 
welded specimens. Gages Nos. 4 and 5 showed some- 
what more irregular results, as for instance gage No. 4 
showing variable permanent deformaticn in tension 
and total deformations prevailingly in compression; 
gage No. 5 was in tension for the total deformation and 
in compression regarding its permanent deformation 
under zero load. This may find some explanation by 
the fact that the rivet acts more by its head on the 
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outside surface of the sheet while the spot, representing 
a rigid plug reaching through the thickness of both 
welded sheets, transmits the load through the volume of 
the sheet surrounding this plug. 

In order to have some more information about these 
interesting stress variations over the surface of the 
joined Alclad 24ST sheets, specimens with double sheet 
thickness (0.128 in.) were tested, having mainly the 
same arrangement of the five strain gages as in the 
preceding tests. These specimens were spot welded 
and the strain gages of the type A-5 had an effective 
length of '/; in. Here again, according to Fig. 6, 
the strain gages Nos. 1, 2 and 5 indicated for total as well 
as in a lesser degree for permanent deformation, com- 
pression stresses up to a load of 500 lb. Gages 3 and 4 
remained practically uninfluenced showing only little 
compressive stresses for total and permanent deforma- 
tions. These results are in fairly good agreement with 
those of the spot-welded Alclad 24ST sheet of 0.064 in. 
thickness (Fig. 4). 

Similar results have been obtained with Alclad sheets 
of the same thickness of 0.128 in. by using, instead of 
gages of '/, in. effective length, Huggenberger extensom- 
eters having also '/2 in. gage length. In all five zones, 
there were compression stresses prevailing in the total 
deformations under loads up to 500 lb. In Zone 3, 
there were, as in the preceding case, practically no 
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Fig. 6 Stress distribution in spot-welded Alclad 24ST sheet of 0.128 in. thickness 
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picture in order to know what hap- 
pens regarding the stress pattern tak- 
ing place around the spots on the sur- 
faces of the specimens. As shown by 
Fig. 7, the compression zone under a 
load of 100 Ib. (upper left) is fairly 
large in spot-welded specimens and 
shows over the spot on the tension 
side a maximum of intensity just near 
the spot and is diminishing with in- 
creasing distance from the spot. Im- 
mediately under the spot, where a 
compression zone could be expected, 
there is a zone of very slight tension 


, 300 Ibs 
>>>. 


> 


e 


ICOMPRESSION 


TENSION 


TENSION 


changing again into compression at 
some distance from the spot in the 
longitudinal axis of the sheet. Under 
a load of 300 lb. (lower left) this 
picture changes somewhat in so far 
as the compression zone becomes 
smaller in its central part without 
showing much changes in the rest of 
At 500 Ib. (upper 
right) this zone becomes still smaller 


coe the stress pattern. 
in the center, as well as on both 
sides and at 600 lb. only the central 
part of the specimen becomes stressed 
in tension, leaving a compression zone 


Fig.7 Distribution of compression and tension areas around the spot under 
'/, in. effective length) 


increasing loads (strain gages used: 
deformations while Zone 4 showed only slight total 
deformation in compression. 

Also, riveted Alclad specimens of this thickness were 
stress analyzed by strain gages of '/, in. length under 
loads up to 400 Ib. The load deformation curve 
showed, for the same zones, practically identical results, 
all zones around the spot being under compression. 

In order to be quite sure of these strange results, show- 
ing prevailingly compression of the stresses around the 
spot, a completely identical test was carried out with an 
Alclad 24ST riveted specimen of 0.128 in. thickness 
using a rivet of '/, in. diameter. Instead of electrical 
strain gages of '/, in. length, a mechanical strain indi- 
cator of the same gage length was used. This instru- 
ment shows also that all zones 1 to 5, corresponding to 
the zones measured in the preceding riveted specimen 
as well as in the spot-welded specimens, compression 
took place in all zones except No. 3, indicating slight 
tension. Even an additioral zone No. 6, situated at 
about '/; in. from the upper border of the spot in the 
longitudinal axis of the specimen, showed, despite the 
distance of the measured zone from the joint, exclu- 
sively compression stresses under tension loads up to 
350 Ib. 

By using the results of these various strain gage 
measurements carried out under increasing loads with 
various specimens, we can obtain a somewhat clearer 
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on each side of the spot. The lower 


central part in compression remains 
practically uninfluenced by this fun- 
damental change of the upper com- 
pression zone near the spot. 

By using the results obtained with the Huggenberger 
extensometers, a fairly analogous stress distribution 
under a load of 400 lb., for instance, is obtained, as 
shown in Fig. 8. Altogether over 2 
with various strain gages and welds have been carried 
out during this investigation 
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Measurements Made at the Interface of the Joint 


It is evident, however, that these interesting results 
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obtained by measuring the total and permanent de- 
formations on the surface of the specimen around the 
spot, do not tell yet the complete story of the stress dis- 
tribution in these specimens. It is quite clear that 
simple tension, as applied on these specimens, cannot be 
converted into compression stresses, without finding 
a zone indicating major tensile stresses. It is logical 
that the tension loads, which have to be transmitted 
from one sheet to the other through the spot or the rivet, 
must produce zones showing very pro- 
nounced tensile stresses. It can be admitted that these 
tension stresses must take place mainly on the tension 
the spot in its longitudinal axis. Showing 
mostly, as we have seen, compression stresses on its out- 


somewhere 


side of 


side surface, there must be pronounced tension stresses at 
the interface of the welded sheets. This statement will 
not be of great help if we do not sueceed to support it by 
experimental results. Therefore, the next question Was 
how can it be managed to measure these stresses at the 
interface of spot-welded sheets covering each other very 
tightly. By a simple procedure, we succeeded to meas- 
ure very accurately the stresses taking place at the 
inside surfaces of the joints. By drilling a fairly small 
hole through the outside sheet in its compression zone, 
where it is without harmful influence on the stress dis- 
tribution and without touching the material of the 
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second sheet opposite to the hole, we can pass one leg of 
the Huggenberger extensometer through this hole; 
the other leg is applied on the outside surface of the rigid 
spot. By this means, we can now very easily measure 
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Fig. 10 Angle of elastic and permanent bending of the 


spot under increasing loads 
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what happens at the interface of the welded or riveted 
sheets. Ascan be seen in the sketch of Fig. 9 the mobile 
leg of the extensometer is applied through the hole on 
the inner surface of the sheet under tension. Under 
increasing loads we can very easily and accurately meas- 
ure the total and permanent deformations taking place 
at the interface of the spot. The photograph on the 
left shows the instrument fixed on the spot welded speci- 
men, having one leg passed through the hole of the 
sheet, while the other leg is fixed in the center of the 
rigid spot. The smallest gage length of the Huggen- 
berger extensometer being '/: in. and the spot having a 
diameter of about '/,in., we can measure the permanent 
and total deformations under loads at the interface on 
the sheet under tension over a gage length of, as in this 
case, */s in., as indicated on the sketch on the right side 
of this figure. The second photograph shows the speci- 
men as prepared for these tests, having below the spot a 
circular opening through the total thickness of the 
covering sheet. As first results of major interest, it was 
found that, contrarily to what has been measured on the 
surface of the specimen, all stresses located at the inter- 
face of the welded sheets, are exclusively tension stresses 
indicating a fairly pronounced value. The results* 

* These tests have been carried out according to the indications of the 


author by G. Herrmann, Assistant Professor at the Research and Strength of 
Materials Laboratory 


WELDED SECTION OF SPOT ABOUT 

30-40% REDUNDANT 

REGARDING FATIGUE 
RESISTANCE 


as measured under increasing loads up to 350 Ib., show- 
ing quite regular curves of the total and permanent 
deformations in pure tension, are reproduced on the 
left side of this figure. Repeating the same measure- 
ments after having reached 350 lb. and starting again 
from zero load, we obtained the tension curves at the 
right end side of this figure. They indicate up to 350 
lb. pure elastic total deformations under tension and no 
permanent deformation of the material could be 
measured. This proves that this instrument gives re- 
liable results in tension over this short gage length of 
‘/, in. Similar results have been found for a still 
smaller gage length of '/,;in. In this case, the total and 
permanent deformations in pure tension are naturally 
smaller than those measured for greater gage lengths. 

Curves of the same nature, indicating also pure ten- 
sion stresses, have been found for a still smaller effective 
gage length of the extensometer of only '/s and !/32 in. 
These results, are also in good agreement with the pre- 
ceding ones; the deformation stresses under tension, 
total as well as permanent, and their maximum differ- 
ence at 350 lb., diminished regularly with the decreas- 
ing gage length of the tension zone at the interface. 
By a thin steel foil of 0.001 in. thickness fixed with a 
small screw in the center of the spot, so that one leg of 
the Huggenberger could be placed at any point of this 
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Fig. 11 Fatigue results of solid and hollow spots (left) and development of fatigue cracks at interface of weld (right) 
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rigid steel sheet, it was made possible to use the Hug- 
genberger extensometers with a fixed gage length of 
minimum '/; in. to measure the tension stresses over a 
gage length of less than '/, in. 


Angle of Bending of the Spot in Function of the 
Load 


We went still further to explore the stresses in or 
around the spot by determining also the angle of bending 
in function of the increasing applied loads. The elastic 
and the plastic parts of this angle were measured and 
these results have been used for an approximate calcula- 
tion of the stresses in the welded specimen. As shown 


in Fig. 10, this was fairly easily done by drilling a small 
hole through the center of the spot and fixing a fine 
needle of about 6 in. length, indicating over a scale 
divided in degrees the angle of bending of the rigid spot, 
suspended in the welded mild steel sheet of 0.04 in. 
thickness. The angles of total deformation in decimals 
of degrees under increasing loads up to 1000 lb. have 
been recorded and are reported upon in these curves. 
The single points indicate the fairly close relation exist- 
ing between the angle of bending and the applied load. 
Under a load of 350 Ib. an angle of total deformation of 
about one degree has been measured, showing a per- 
manent deformation after the load has been released of 
about '/, of a degree. At a maximum load of 1000 


Fig. 12 Krouse twin pulsator (left) and spring pulsator (right) of Ecole Polytechnique with oscillographs of loading cycles 
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lb., the total bending of the spot was 5 degrees and the 


permanent one was 3'/». degrees. 


Fatigue Test Results 


Regarding the fatigue resistance of spot welds, some 
investigations were made to find out if the weld is 
sufficiently resistant against fatigue loads. For this 
purpose the spots of a few mild steel specimens were per- 
forated with drills of increasing diameter and these speci- 
mens were tested under cyclic loads on the Krouse twin 
pulsator. As shown in Fig. 11 (left) it can be seen that 
a hole of a certain diameter does not weaken the spot 
with regard to its fatigue resistance. So, for instance, 
a solid spot supports at a load of 400 lb. about 2,000,000 
to 3,000,000 cycles before showing the characteristic 
crack around the spot. The same number of cycles was 
supported by spots with a hole of '/s and '/, in. (speci- 
mens Nos. 132 and 133). 

Furthermore, we see in this figure, on the right-hand 
side how, under cyclic tension loads, the cracks develop 
in the sheet at the interface of the spot welds. By 
taking the fatigue specimens out of the pulsators before 
the fatigue crack developed at the outside surface and 
by cutting the specimen through the spot in its length 
axis, we could see, after severe plastic deformations of 
the sheet by bending near the spot, the beginning of the 


fatigue crack. So, for instance, at a repeated load 
which is about 20 to 30% higher than the fatigue limit, 
fairly heavy cracks developed at the interface of the 
weld in the two sheets in an opposite direction perpen- 
dicular to and starting at the inner sheet surface. These 
cracks develop at the beginning without showing any 
trace at the outside surface of the sheet. This can be 
seen at the right-hand side on the lower part of Fig. 11. 
A sheet put under still lower cyclic loads, which are 
only a few per cent higher than the endurance limit, 
shows much smaller cracks at the interface. These 
cracks develop only after a greater number of cyclic 
This is indicated in the second 
sample on the right-hand side. Finally at the endur- 
ance limit itself, no crack at all develops at the inter- 
face of the sheets, as this is shown in the upper specimen 
at the right. After the application of over 10,000,000 
cycles on the welded sheet, no crack at all could be found 


loads has been applied. 


in this sheet. 

The fatigue machines on which these special tests 
have been carried out, are shown in Fig. 12. We see 
here on the left the standard Krouse twin pulsator with 
an oscillograph for checking dynamically the amount 
of the cyclic loads, and pulsator No. 2 on the right-hand 
side which is of our own design and construction. In 
Fig. 13 we see two more pulsators used for this type of 


Six specie 


cyclic tests as developed in this laboratory 


80.7 


Fig. 13° Two special puisators for fatigue tests of spot welds with oscillographs 
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Fig. 14 Fatigue test results up to 10,000,000 cycles of mild steel sheets of 0.04 in. thickness, as obtained on three different 
pulsators; specimens as-received and after hydrostatic pressure 


mens can be tested simultaneously in these machines 
and a fifth twin machine of a special type and design is 
under trial. These machines work day and night and 
they stop automatically when the specimen cracks. 

In Fig. 14 can be seen the fatigue results obtained 
with mild steel specimens of 0.04 in. thickness on three 
of these machines. The specimens were tested in the 


as-received condition as well as after application of a 
hydrostatic pressure under loads up to 200,000 psi. 
An average improvement of the single spot of about. 
25 to 50% could be observed for this material. 

The results obtained with spot-welded stainless steel 
sheets of 0.03 in. thickness are shown in Fig. 15. Here, 
too, an improvement of about the same amount as for 
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Fig. 15 Fatigue test results up to 10,000,000 cycles of 0.03 oo. eee stainless steel sheets carried out on three different 
pulsators 
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Fig. 16 Fatigue test results up to 10,000,000 cycles of mild steel and stainless steel sheets of various thicknesses and spot 


mild steel, that is 25 to 50%, has been recorded on three 
pulsators. 

Similar results are shown in Fig. 16, representing 
fatigue tests of mild steel of 0.04 in. thickness using a 
spot of a greater diameter (spot size No. 2), as well as 
mild steel specimens of 0.03 in. thickness, both tested on 
the Krouse fatigue machine. Stainless steel of 0.04 in. 
thickness has been tested on pulsator No. 1 and is 
represented on the right side of this figure. For a 
final evaluation of the improvement of mechanically 
treated and untreated specimens, the S-N curves have 
to be continued to a higher number of cycles of at least 
50 to 100 millions. 

Fatigue tests with spot-welded 24ST Alclad sheets 
are represented in Fig. 17. The first results obtained 
show that the improvement by hydrostatic pressure is 
more effective with aluminum alloy specimens; higher 
fatigue loads of the order of about 80 to 100% bave been 
recorded for this material. These fatigue tests have 
also to be carried out under a greater number of cycles 
up to at least 100 million cycles. 

Comparing the fatigue results of untreated specimens 
of this series at a number of cycles of 10,000,000 with 
those represented in Fig. 11 on page 18 of the fatigue 
tests published previously (June 1948, Welding Journal 
Research Supplement), it can be said that the fatigue 
limit of these specimens has been found to be about 30 
to 35% higher, that is about 250 to 275 lb., compared to 
200 Ib. as indicated in Fig. 11. Contrary to the results 
of this investigation, which have been determined by a 
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greater number of specimens (Fig. 17), the fatigue limit 
of the previous tests, that is 200 lb. per spot, was based 
on results of other investigators, obtained on the same 
type of specimens and the same material. The results 
of specimens treated under high hydrostatic pressure, 
using various shapes of rams, are not yet concluded; 
a fatigue limit of about 600 Ib. has been preliminarily 
established. There seems to be, however, possibilities 
to raise this limit to about 10 to 15% higher values. 
With these various test results, we have gained valu- 
able indications on the stress distribution in the sheet 
around the spot, as well as at the interface of the spot. 
It can now be expected that the fatigue limit of these 
spot welds can be improved still more and a higher per- 
centage of amelioration can be attained compared to 
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Fig. 17 Fatigue test results of 0.064 in. thickness Alclad 
24ST sheets; specimens as-received and after hydrostatic 
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untreated specimens. At present after having attained 
a better understanding of the stress distribution in and 
around the spots, it will be necessary to make further 
investigations into the improvement of the fatigue 
resistance of joints with more than one spot. The 
study of joints having multiple spots, distributed in 
various pattern over the sheet, are indeed very encour- 
aging. After having carried out with success these sup- 
plementary investigations on multiple spot joints, the 
outlook seems bright to replace in the near future riveted 
light structures by spot-welded joints of higher fatigue 
resistance. 


SUMMARY OF FINDINGS 


According to the above test results, the following 
findings have been made during this investigation: 

1. Spot-welded mild steel specimens put under ten- 
sion loads up to 600 Ib. indicate at the outside surface 
around the spot usually compression stresses; slight 
tension stresses were measured only at a small distance 
above the spot in the axis of the joint. 

2. Also with spot-welded or riveted Alclad 24ST 
specimens, tested under identical conditions, the results 
showed mainly compression stresses on the surface 
around the spot. 

3. By using, instead of electrical strain gages of 
various gage lengths, Huggenberger extensometers, 
these results could be confirmed. 

4. Based on a greater number of results, a certain 
stress pattern taking place around the spot, under 
various loads up to 600 Ib. could be established. This 
pattern seems to be independent of the measuring 


instruments used (electrical or mechanical gages). 

5. Measurements made at the interface of the joint, 
instead of its outside surface, show that, due to bending 
of the sheet, exclusively tension stresses exist above the 
spot, having fairly pronounced values; permanent de- 
formation starts already at loads of the order of 200 lb 
in tension. 

6. By measuring the angle of bending of the spot in 
function of the tension load, it has been found that a 
fairly close relation exists between this angle and the 
applied load; under a tension load of only 350 lb., a 
total bending deformation of about 1 degree and a per- 
manent deformation of about '/, degree have been 
found. 

7. Under cyclic loads, the area of the spot in mild 
steel specimens is about 30 to 40% redundant; a much 
smaller area supports approximately the same number 
of cyclic loads before failure takes place. 

8. Test results concerning the development of 
fatigue cracks under cyclic tension load show that these 
cracks start at the interface of the weld, due to repeated 
bending of the sheet in a zone close to the spot. These 
cracks develop a long time before they become visible 
at the outside surface of the sheet. 

9. Fatigue results obtained with mild steel speci- 
mens of 0.04 in. thickness, obtained on three different 
pulsators, show that hydrostatically treated spots have a 
25 to 50% higher fatigue limit than untreated joints. 
Similar results have been obtained with spot-welded 
0.03 in. thick stainless steel sheets. 

10. Hydrostatic compression of the spot is even 
more effective on 24ST Alclad aluminum alloy sheets; 
an improvement of 80 to 100% of their endurance limit 
is possible. 


Rules of Procedure for Project 
Committees 


(Continued from page 504-8) 


the original + report of the research laboratory. 

Each Project Committee is encouraged at all times to 
issue its own interpretative report, which may be more 
readily used and accepted by Industry, or engage in the 
preparation of monographs which will include not only 
its own work but also closely allied research activities. 

Each project financially supported by the Council 
should result in a report suitable for publication at least 
once a year. In other words, it is necessary actually to 
have a completed report or a progress report available 
for publication at the end of the year as conditional for 
expecting a renewal or continuance of a grant of funds. 
In exceptional cases this is not possible, but the burden 
of proof for these exceptions should be on the investiga- 
tor. 
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RESEARCH NOT PAID FOR 
BY COMMITTEE FUNDS 


The actual cash expenditures of the Council represent 
approximately 25°, of the total value of the research 
work published under its auspices. The other 75% 
represents investigations of committee members private 
industry and governmental departments, in work of 
direct interest to or closely allied with the work of the 
Council. The stimulation of this type of research work 
by Project Committees is exceedingly important. 


BUDGETS 


The Council requires that each Project Committee 
submit a budget on or before September Ist. Actually, 
this is a limiting date. It will be much more effective 
for financing and other purposes of these budgets are 
submitted on or before June Ist. The fiscal vear of the 
Council begins October Ist. 
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Please send me a copy of Airco’s NEW Hand Torch 
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—COMPLETE, AUTHORITATIVE INFORMATION . . . EVERYTHING 
YOU NEED KNOW ABOUT AIRCO TORCHES 


Just fill in the coupon below and mail it to us today. Upon 
receipt, we will send you— ENTIRELY FREE — Airco’s 
new 36-page guide showing the right torch for light, 
medium or heavy welding, cutting, heating, brazing, 
descaling and flame hardening. 

Here is the booklet that gives you complete data on 
all Airco torches— nationally famous for their ease of 
operation, durability and dependability. Divided into 
easy-to-read sections, the booklet quickly helps you select 
the torch best suited to your particular production or 
maintenance problem. 

The booklet is handy, useful, bringing you a wealth of 
information covering design, specifications, tip require- 
ments for special operations, and operating characteristics 
of each torch in the Airco line. 

To give you a brief idea of the material covered, here 
are a few of the sections the booklet contains: 

e 1414 pages of detailed easy-to-read charts covering 
every welding, cutting and special purpose tip in 
Airco’s complete line . .. these charts are not available 
from any other source, and they show you how to 
select the RIGHT torch, tip, mixer and extension for 
any job. 

e All-purpose and moderately priced welding and cut- 
ting outfits for heavy-duty or light day-to-day weiding 
and occasional cutting are shown in an illustrated 
4-page section. 

e Invaluable data on the right accessory—guide roller 
attachment, flash circle burner, hose connections, 
couplings, and so on—for the job at hand. 

But see the booklet yourself—send for it now. Just fill in 
and mail the coupon for your free copy. 
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